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8.3.1.5 Specific program for climatic characterization

Acceptable performance of the proposed Hanford Site geologic repository
depends in part upon the prevention of unacceptable levels of radiation
exposure to Hanford Site workers and members of the general public. During
the period of repository operation, meteorologic conditions can affect the
performance and safety of repository activities. In the event there was a
significant release of radioactive material to the atmosphere, meteoroiogic
conditions would play an important role in determining the environmental
jmpact of the release. After repository closure, climatic conditions could
strongly influence whether the rate of transport of radionuclides released by
the waste package system through surrounding saturated rock would be slow
enough to meet regulatory requirements for exposure within the accessible
environment. This radionuclide transport is directly controlled by
geochemical condition and groundwater travel time. In turn, groundwater
travel is controlled in part by rate of recharge, which is directly linked to
specific climatic parameters. Because of the important role of atmospheric
conditions on repository performance, regulatory requirements are directly
1inked to certain climatic characteristics. Approaches for responding to the
regulatory criteria are included in the Basalt Waste Isolation Project (BWIP)
issue resolution strategies given in Section 8.2.2. The primary issues
requiring climate information are Issues 1.1, 1.8, 1.9(a), and 1.9(b) as
discussed in Section 8.2.2. In addition, site meteorologic information is
required to address Issues 2.1,.2.2, 2.3, and 2.5.

Information needs identified in the climate-related issues include
(1) characterizing paleoclimate conditions during the Quaternary;
(2) predicting future climate for 10,000 yr and, to a lesser extent,
100,000 yr after repository closure; and (3) modeling current meteorotogic
conditions for the Hanford Site. One primary purpose of assessing past and
future climatic conditions is to provide information for characterizing local
palechydrology and predicting future groundwater travel. Another purpose is
to predict future occurrences of glacier-related catastrophic flooding that
may significantly alter the hydrologic state of the saturated rock environment
of the repository. Study of climatic change over the next 100,000 yr will be
used in the comparative evaluation of the three sites being considered by the
U.S. Department of Energy (DOE). Assessment of current metecrologic
conditions at the Hanford Site, in addition to supporting these purposes, will
also be essential input for designing repository surface facilities,
datermining construction feasibility, scheduling operations, and developing
safety programs.

The first two investigations described in this section will collect
information necessary for making estimates of the effects of long-term
climatic variabiiity upon the performance of the repository. The studies
supporting these investigations will characterize the long-term variability of
climate at the site and forecast the nature and impact of changes within the
next 100,000 yr. These changes will be characterized by specifying the
climate in a number of distinct scenarios concerning (1) the climatic history
of the region (paleoclimates), (2) scenarios of expected future global
climates (forecasts), and (3) future local climates. These studies will

80301.5"'1
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provide data for groundwater and surface water modeling studies described in
Section 8.3.1.3 and will be used to assess the impact of predicted climate
changes on the site groundwater flow system. Only those analyses that concern
phenomena to which repository performance is sensitive will be undertaken.

Forecasts have the highest priority. The forecast models will provide
input to analyses of the variability of the groundwater system due to climatic
changes (see Section 8.3.1.3). The reconstruction of paleoclimates will
provide a basis for understanding climatic variability (by providing
reasonable Timits on the magnitudes and rates of change that actually
occurred) and will allow testing the models to be used for forecasts. The
paleoclimate study will provide information on conditions ranging from full
glacial to full interglacial conditions. Climate variability will be
reconstructed at 3,000-yr time intervals starting at a time (21,000 yr ago)
Jjust before the beginning of the last glacial maximum (18,000 yr ago).
Reconstructions at other times may also be done. The reconstructions will
provide bases for validation of models of future climate.

The meteorologic investigation will supplement existing analyses of the
meteorologic conditions of the site. An active program to monitor site
meteorology, archive data, and analyze conditions has been in operation at the
Hanford Site since 1945. The meteorotlogic investigation for the repository
program will focus on improving the characterization of conditions at the
proposed repository location and in the Cold Creek area, determining the
spatial variability of precipitation and atmospheric moisture, and estimating
atmospheric dispersion. During the period that this supplemental
investigation would be carried out, the existing Hanford Site meteorologic
program would continue in operation, and other meteorologic studies would be
conducted to support Hanford Site activities that are unrelated to the
repository project. Data from all these sources would be used to address
repository-related information needs.

Background

The climatic system that influences the geologic setting for the proposed
repository has been defined in Chapter 5. Paleoclimatic records of the area
and procedures available for additional analyses were evaluated. These
records indicate that statistically significant ciimatic changes have occurred
within the geologic setting of the controlled area study zone during the
Quaternary. On the basis of that record, it is anticipated that significant
changes in the climatic system of the geologic setting will occur during the
next 100,000 yr. Methods that are available to estimate future climatic
conditions in the geologic setting have been discussed in Section 5.2.2.

Those methods will be integrated intc a set of studies that will provide the
necessary paleoclimatic and future ciimate information to answer the issues
concerning climate change (Section 8.2).

Identification of the issues relevant to the determination of climatic
bounding conditions of the gechydrologic system began with a meeting of a
panel of experts in January 1985. (Table 8.3.1.5-1 contains a 1list of the
active participants.) These issues were intended to include conditions
characteristic of paleoclimates of the Quaternary and climates to be expected

8.3.1.5-2
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Table 8.3.1.5-1. Panel members for site characterization and
climate change at the Hanford Site
Member Specialty Affiliation

Patrick J. Bartlein, Ph.D. Paleoclimate University of Oregon
John J. Clague, Ph.D. Glaciation Geological Survey of Canada
Richard G. Craig, Ph.D. Modetling Kent State University
Harold C. Fritts, Ph.D. Dendroclimate University of Arizona
Peter Mehringer, Ph.D. Palynology Washington State University
Nicklas Pisias, Ph.D. Oceanography Oregon State University

W. Geoffrey Spaulding, Ph.D. Macrofossils University of Washington
Richard B. Waitt, Ph.D. Paleofloads U.S. Geological Survey

in the next 100,000 yr. The guide used at that time was the U.S. Nuclear
Regulatory Commission (NRC) Regulatory Guide 4.17 (NRC, 1985). Studies were
identified and prioritized and a consensus reached concerning those studies to
be pursued. The studies were developed into more complete study plans and
were further reviewed. Further meetings were held to elaborate the plans and
define appropriate schedules. The most extensive review received was
commissioned by the BWIP through a contract to the Pacific Northwest
Laboratory (PNL) and otcurred during September 1985.

In April 1985 it became apparent to the DOE-Headquarters (DOE-HQ) that
the climate studies detailed in the BWIP study plans contained significant
global aspects that should be done consistently for all of the sites being
considered. A meeting was held during May 1985 at DOE-HQ to discuss the
directions that modeis of future global climate change should take. The BWIP
plans were presented to representatives of the sites and national laboratories
involved in site characterization. Subsequent to that meeting, a decision was
made to define a single program for studies of giobal climate change that
would produce estimates applicable to all of the sites. Through a separate
contract with the PNL, the DOE is preparing those global climate change
scenarios. They are described here in the interests of completeness and to
show the 1inkages in the programs.

Considerabie scientific work has been done in the Pacific Northwest to
define the characteristics of and results of climate change. This work has
been done over the past 100 yr and was summarized in Chapter 5. However, the
record in this area is difficult to decipher due to the effects of major
floods and glaciation in the area, which have tended to remove the evidence of

8-3-1.5"3
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earlier climatic changes. Relatively few climatic studies have been completed
in the Columbia Plateau using newer techniques of paleoclimatic analysis
(e.g., radiocarbon dating, tephrochronology, and magnetostratigraphy). Carp
Lake, Tocated north of Goldendale, Washington, in the eastern Cascade Range,
(see Fig. 5.2-8 for location) is the only site east of the Cascades that has
been studied by modern techniques and shows a record that extends back through
the time of the last glacfal maximum. Knowledge of paleoclimatic fluctuations
in sufficient detail to determine the relative stability of the groundwater
system during ciimatic extremes is a difficult problem that has rarely been
attempted and will require significant effort during site characterization.

Several studies of paleoclimatic conditions in the Columbia Plateau and
of related glacially induced floods have been produced as part of the work
relative to defense wastes presently stored at the Hanford Site (Craig and
Singer, 1984; Singer and Craig, 1984; Craig and Hanson, 19863 Cropper and
Fritts, 1986; Mehringer, 1985). Those studies and ongoing work on the long-
term geologic stability of defense wastes will be of use to the BWIP during
site characterization. The BWIP intends to cooperate with those scientists
involved in the defense waste studies in order to minimize duplication of
effort.

An extensive meteorologic monitoring program is currently in place at the
Hanford Site. This program addresses the meteorologic and atmospheric
dispersion data needs of the DOE and its Hanford Site contractors. In
particular, the meteorology program includes the measurement, observation, and
recording of meteorologic data; continuous monitoring of regional weather; and
forecasting of weather conditions to site operations. Data have been used to
study recent climate, prepare environmental reports, and model atmospheric
dispersion. In 1944, the Hanford Meteorology Station began operation within
the boundaries of the proposed geologic repository's controlled area study
zone, providing around-the-clock monitoring of meteorologic parameters and
data archiving. Currently, meteorologic data are collected at the station and
at more than 20 associated monitoring locations within or near the Hanford
Site.

Summary of program

The specific program to determine the impact of climate changes and
recent meteorologic conditions at the Hanford Site is divided into three
studies: (1) paleoclimatic reconstructions, (2) future climatic conditions,
and (3) site meteorologic conditions. Study plans written in support of this
document for site characterization will describe these studies in sufficient
detail to allow evaluation of their technical promise. This will require
further detail than is appropriate for this document.

In addition to the studies, system stress analyses to assess the
sensitivity of the groundwater system to changes in recharge (due to climatic
change) that could affect the suitability of the repository will be performed
by the BWIP Performance Assessment/Systems Engineering Group. These
sensitivity analyses are described in Section 8.3.1.3. Only those climate
parameters to which repository performance is shown to be sensitive will be
studied.

8.3.1.5-4
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The first study, past climatic change, includes three study components:
(1) reconstructing the local climate record for the Hanford Site area
(Section 8.3.1.5.2.3.1), (2) summarizing the Quaternary glacial history of the
Pacific Northwest (Section 8.3.1.5.2.3.2), and (3) estimating the variations
in regional oceanic patterns (Section 8.3.1.5.2.3.3). Figure 8.3.1.5-1 shows
the relationship of these three study components to the planned studies to
predict future climate change and determine site meteorclogic conditions.

In the first study component in the past climatic change study, climatic
history will be reconstructed at various times ranging from the last
interglacial to the present (Study Component A). Reconstructions will be
based primarily on fossil pollen preserved in lake sediments. The BWIP will
study climates of times at 3,000-yr intervals, beginning before the last
global glacial maximum (which occurred about 18,000 yr age) and continuing to
the present. Supplementary analyses of older deposits--back to the time of
the last interglacial approximateily 125,000 yr ago--will be made where such
deposits can be located. No such deposits have been unequivocally recognized
yet in the Columbia Plateau.

The second study component of past climatic change study will focus on
the glacial history of the area (Study Component B). Such glaciations were a
response to the same climatic changes that modified the temperature and
precipitation patterns in the Columbia Plateau. The BWIP will study the
influence of this glaciation upon the regional tectonic stress field, surface
water systems, and the initiation of large magnitude floods.

The third study component of past climatic change study (Study
Component C) will examine regional oceanographic controls of local climate.
Surface water temperatures of the northeast Pacific Ocean influence
precipitation over the area. Variations in ocean temperatures will be

reconstructed from studies of fossil nannoplankton.

The second study of climate change concerns potential future changes and
rates of change. This study comprises two components: (1) local climatic
change (Section 8.3.1.5.3.3.1) and (2) global climatic changes that will
affect the Hanford Site (Section 8.3.1.5.3.3.2) (see Fig. 8.3.1.5-1).

The first of these study components includes those analyses that will
directly illustrate the Tocal response to global climate change (Study
Component D). This local response includes the local climate and the
potential glaciers and floods. Estimates of local climate change will be
based upon extrapolations of the current climate and climate states typical of
the Late Quaternary. Linked to this local climate model will be separate
computations of the hydrologic balance, including recharge, runoff, stream
flow, and floods resulting from that climate. Growth of the Cordilleran ice
sheet will be considered through a computer model of glacial dynamics. These
models will be tested through their ability to reconstruct climates of eariier
periods.

8.3-1.5-5



9-6°1°¢°8

9 2 2555023 2
. §
SITE
CHARACTERIZATION
PROGRAM
CLIMATIC
CHARACTERIZATION
PROGRAM
| I 1
PAST CLIMATE CHANGE FUTURE CLIMATE SITE METEOROLOGY
INVESTIGATION CHANGE INVESTIGATION INVESTIGATION
| I [
PAST CLIMATE CHANGE FUTURE CLIMATE SITE METEQROLOGY
STUDY CHANGE STUDY STUDY
I | |
A c B D F
PALEO- SEA SURFACE GLACIAL LOCAL GLOBAL SITE METE-
CLIMATE TEMPER- RECON- CLIMATE CLIMATE ORCLOGY
RECON- ATURE STRUCTION
STRUCTION
ANALYSES ANALYSES ANALYSES ANALYSES ANALYSES

Figure 8.3.1.5-1.

GENERIC
PROGRAM

SPECIFIC
PROGRAM

INVESTIGATIONS

STUDIES

STUDY
COMPONENTS

ANALYSES

P587.2005-8.2.1.5-1

Hierarchy of climatic characterization program within site characterization.

LVHA NOTLYLINSNOD



U |

!

9 2

CONSULTATION DRAFT

To complete the future global climate study component (Study
Component E), the DOE is funding separate research activities at the PNL to
develop global forecast models that an be used at all three proposed
repository sites. Variations in the Earth's energy balance will be forecast
by models based on the changing orbit of the Earth and other external
controls. Available models will be used to evaluate the global response of
the climatic system to that energy balance. The response of the global ice
sheet system to this changing insolation also will be computed. Such models
will describe the regional variations in the Pacific Northwest as input to the
Tocal climate model.

The estimation of rates of change is dependent upon the specification of
the timespan over which the rate is to be computed. Very few paleoclimatic
records afford a temporal resolution exceeding several hundred years. This
will provide a 1imit to the application of rate-of-change information to
performance assessment. For modeling studies, the majority of available
models are equilibrium or steady-state descriptions. Oynamic models, such as
the Milankovitch theory, are limited in their temporal resolution by the
detail available in the computation of orbital parameters. Currently
available solutions are a time step of 1,000 yr (Berger, 1978b). Thus, past
or future rates of change cannot be estimated at the same level of precision
as is available in the modern instrumental record.

The study of site meteorologic conditions comprises eight analyses, which
are designed to augment the existing data base from monitoring and analysis
activities conducted at the Hanford Site. These analyses will include
(1) comparing of Hanford Meteorology Station data with repository site data,
(2) monitoring wind in the Cold Creek syncline area, (3) assessing unanalyzed
wind data from temporary monitoring stations, (4) assessing external meteor-
ologic events, (5) tracer testing atmospheric dispersion from the proposed
repository location, {6) modeling atmospheric dispersion, and (7) characteri-
zing spatial variation in precipitation and atmospheric moisture.

Each analysis is described further in Sections 8.3.1.5.3.3, 8.3.1.5.4.3,
or 8.3.1.5.5.3. The relationship between the analyses needed to estimate the
effects of future climatic change and the analyses needed to estimate the
growth of glaciers that could affect site stability, along with the schedules
for completing these analyses, are included in Section 8.3.1.5.5.5. Many
analyses provide information needed by other analyses in the same study or
study component. Thus, completing these analyses on schedule will be
important to ensure that results are available for site selection and
1icensing application.

Management of the program

The investigations of climatic changes will be managed directly by the
BWIP. The meteorologic investigation will be conducted by PNL through a
contractual agreement with the BWIP. Other subcontracts to various
institutions will be arranged by the BWIP to use the appropriate expertise for
each analysis. It is anticipated that all climate change analyses will be

8-3.1.5-7



5023 4

25

9

CONSULTATION DRAFT

performed by subcontractors according to the expertise needed. Advisory
panels and review panels will be arranged by the BWIP directly. This will
avoid possiblie conflicts of interest between the contractors and the advisors.
Advisory panels will monitor the technical progress of the contract work and
will judge the appropriateness of scheduled activities. There will be
separate advisory paneis for paleoclimatic and future climate studies because
the expertise involved is so distinct. Coordination of the efforts and
scheduies will be facilitated by cross membership of key researchers and
advisors on both panels. Coordination with the DOE global modeling study will
also be achieved by representation at the various meetings of the advisory
panel for that study. Finally, representatives of the climatic change program
and the research group studying the regional geohydroiogic system will confer
on the integration of work and the status of information needs prior to each
update of the Site Characterization Plan (SCP).

The BWIP management responsibilities will include the following:
¢ Establishing quality assurance requirements.

o Reviewing and approving quality assurance plans and procedures for
individual contracts.

o Conducting quality assurance audits of contract work on a regular
basis.

o Identifying needed analyses.

e Identifying appropriate contractors and letting contracts.
¢ Monitoring progress on contracts.

e Organizing work of the advisory panel.

¢ Managing efforts of review panels.

8.3.1.5.1 Purpose and objectives

This specific program for climatic characterization is designed to
achieve the following:

o Satisfy requirements of the DOE in 10 CFR 960 (DOE, 1987), the
NRC in 10 CFR 60 (NRC, 1987), and the U.S. Environmental Protection
Agency (EPA) in 40 CFR 191 (EPA, 1986).

e Provide information for issues, parameters, and goals as identified
in Section 8.2.

8.3.1.5-8
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¢ Provide information to assess the effects of climate processes on
the hydrology of the site, especially on the groundwater system
within the controlled area study zone (see Section 8.3.1.3).

e Provide information to geologic site characterization studies,
especially those concerned with tectonics and erosion (see
Section 8.3.1.2).

¢ Evaluate climatic and meteorologic scenarios that may affect

repository design, performance, constructibility, safety, and
operations.

The plans presented in this section are those perceived as necessary to
provide reasonable assurance to the NRC whether or not the repository will
meet performance requirements for 10,000 yr specified by NRC and EPA
regulations, and it will meet the goals of the DOE to remain stable over the
next 100,000 yr. In addition, it is necessary to determine whether or not
preclosure operations will provide adequate safety to workers and to the
public. Analyses described in this section are intended to satisfy
information needs identified with Issues 1.1, 1.8, 1.9(a) and 1.9(b), 2.1,
2.2, 2.3, and 2.5 (see Section 8.3.1.1).

Specific objectives through which these purposes may be achieved will
include the following:

¢ Augment the current paleociimate data base with data to be generated
by the past climatic change study.

o Enhance understanding of site meteorology and atmospheric dispersion
characteristics.

o Develop and validate climate models to be used in predicting future
climate conditions.

e Project climatic variability into the future based on past climate
and current meteorologic conditions.

8.3.1.5.2 Rationale

This section provides a detailed explanation of the strategy that the
BWIP will use to characterize climatic changes that are likely over the next
100,000 yr or that have been observed in the geologic record of the
Quaternary. It will also describe the planned strategy to augment the data
base for the recent meteorology of the proposed repository site. Both
strategies are built upon resolving issues discussed in Section 8.2.2,

The proposed repository at the Hanford Site wouid be Tocated within the

reference repository location at a depth of approximately 1 km (0.6 mi), which
is within the saturated zone of the groundwater system. The site is

8.301.5—9
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considered to be relatively isolated from short-term (100 to 1,000 yr)
climatic effects. Potentially adverse effects that long-term climatic change
(such as glaciation) could have on the stability of the repository include
changes in the geohydrologic system.

Components of the geohydrologic system that could be affected by climatic
change include hydraulic gradient, average interstitial velocity, and natural
recharge and discharge points. Changes (particularly increases) in erosion
rates could lead to removing rock mass (Ringold Formation) above the
repository, which would reduce the distance to the accessible environment,
although this possibility is considered unlikely based on the record of the
Quaternary within the reference repository location. Extreme vertical erosion
(hundreds of meters) of basalts, probably related to cataclysmic glacial-age
floods from Lake Missoula, has been observed at other areas within the
Columbia Plateau but not within the Pasco Basin. Regardless of the exact
mechanism, the potential for adverse effects upon radionuclide isolation due
to climatic change is of sufficient concern that the BWIP has designed this
specific program to evaluate anticipated and unanticipated (see Glossary for
the definition of these terms) climate changes.

The basis for the planned investigations of past and future climatic
change is the need to resolve issues presented in Section 8.2.2. The issue
resolution strategy includes performance measures, performance parameters, and
tentative goals, which if met should show that repository performance meets
applicable regulations. The performance parameters pertinent to climatology
are Tinked to supporting parameters in this section. The performance
parameters address bounding scenarios of recharge and evaporation for models
of the regional and site groundwater system (the geohydrologic system). Such
groundwater models will allow investigators to better understand the regional
groundwater flow throughout the Columbia Plateau and the potential effects of
that flow on waste isolation. Thus, estimates of the climatic bounding
scenarios must be available throughout this area. Global climate {and by
inference the climate of this area) is expected to change significantly over
the next 100,000 yr (Imbrie and Imbrie, 1980). Models of climatic extremes
that the area could experience in that time are required to specify
appropriate bounding scenarios for the models of the groundwater system.

The basis for the planned investigation of site meteorology is the need
to resolve performance and design issues presented in Section 8.2.2. Similar
to climatology, the performance and design parameters corresponding to site
meteorologic conditions are linked to supporting parameters given in
Section 8.3.1.5.5. The performance and design parameters provide additional
information to address questions on the frequency and intensity of severe
weather events, requirements for the design of repository facilities, and
scheduling of repository activities, characteristics of atmospheric transport
and diffusion in the vicinity of the proposed repository location, and
flooding and groundwater recharge. The conclusions reached using this
information will help determine if the proposed repository can be safely
operated at the Hanford Site.

8.3.1.5-10
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8.3.1.5,2.1 Requlatory and issues resolution strategy
rationale for the program

The DOE must comply with EPA and NRC requirements for postclosure
radionuclide releases and preclosure exposure of workers and the general
public to airborne radionuclide releases. The EPA requires that the DOE
provide reasonable assurance that the cumulative radionuclide releases would
not exceed acceptable Timits during the 10,000 yr after disposal. The NRC has
similarly called for the DOE to adequately investigate the 1ikelihood that
climatic changes in the 10,000 yr after disposal would not adversely affect
the ability of the repository to isolate wastes. Finally, NRC licensing
criteria require that the feasibility of constructing a geologic repository in
basalt be established and that the radiologic safety of workers and the public
be ensured during preclosure operations. The following discussion is
concerned primarily with the requlatory rationale and issues resolution
strategy for the jnvestigations of past climate change and future climate
change. A detailed discussion of regulatory and issues resolution strategy
rationale for the meteorology is found in Section 8.3.1.5.5.2, as well as a
presentation of the supporting parameters for the meteorologic elements of the
radiotogic safety issues (Issues 2.1, 2.2, and 2.3).

In Regulatory Guide 4.17 (NRC, 1985), the NRC has suggested a format that
the DOE should follow when identifying climatic factors that could influence
the stability of a repository. In addition to the information requested in
Section 5.0 of that document, related concerns are discussed in the following
sections of NRC (1985).

Regulatory Guide 4.17 Related concerns
Section
1.1.3 Geomorphic processes
3.2.1 Flood history (especially floods due to

long-term changes in hydrometerology or
to maximum glaciation)

3.2.2 Flooding potential of the site and neces-
sary protective measures against the
effect of floods on structures at the

site

3.7.4 Paleohydrology of the region (especially
major past and potential flow system
changes)

3.8.8 Paleohydrology of the site

The DOE is requested to provide information on climatic changes that
might occur in the future based on the climatic record of the Quaternary,
including consideration of the complete climatic spectrum (from maximum
glacial to maximum interglacial conditions) as a minimum. The DOE is also
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required to provide an assessment of the magnitude and rate of climatic
changes that might be expected to occur in the future. An analysis of the
Quaternary paleoclimatology will include the atmospheric, hydrospheric, and
cryospheric aspects of the climatic regimes of the Quaternary. This will
inctude analyses of changes in precipitation regimes, locations of potential
aguifer recharge areas, giaciated areas, and windflow patterns. Information
is also to be provided on the size of glaciers, accumulation and ablation
rates, and the impact of any glaciers on precipitation regimes and windflow _
patterns.

In Regulatory Guide 4.17 (NRC, 1985, Section 5}, the NRC requests the DOE
to provide an estimate of the potential impact of future climatic variation on
precipitation patterns, windflow regimes, the cryosphere, and sea levels.
Long-term impact estimates are requested for the following:

¢ Potential maximum and minimum changes and rates of change in
precipitation and air temperature.

e Potential regional windflow and precipitation patterns.

o Potential for glaciation and the times of onset of glaciation and
tengths and severity of glacial regimes.

® Future fluctuations in sea level and cryosphere due to climatic
changes.

The BOE has responded to the regulatory concerns of the NRC and the EPA
in 10 CFR 960 (DOE, 1987). This regulation 1ists the process the DOE will use
in selecting a repository site. Specifically, the DOE has stated that globatl,
regional, and site climatic patterns during the Quaternary will be considered
in predicting the 1ikely future climatic conditions. The DOE will consider
favorable conditions that rely upon reasonable assurance that changes in the
surface water system over the next 100,000 yr will not adversely affect waste
isolation. The DOE will also investigate the stability of the site during the
Quaternary. Finally, the DOE will assess the stability of the geohydrologic
system during the next 10,000 yr.

Issues 1.1, 1.8, 1.9(a), and 1.9(b) express postclosure concerns of the
BWIP regarding the impacts of climatic change on waste stability from the
viewpoints of the EPA, the NRC, and the DOE, respectively. Issues 2.1, 2.2,
2.3, and 2.5 address preclosure safety concerns about radiological exposure of
workers and the general public resuliting from operation, closure, and
decommissioning of a repository. These preclosure concerns require assessment
of recent meteorologic conditions at the site as well as more long-term
climatic projections. Information needs identified to resolve those
postclosure and preclosure issues are presented in Section 8.2.2. Significant
information needs identified in Section 5.3 include data that will allow a
determination, with reasonabie assurance, as to (1)} whether climatic changes
in the Quaternary have had a significant effect on the hydrologic system;
(2) whether future climatic conditions will be 1ikely to lead to radionuclide
releases greater than those allowable under the regulations specified in
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10 CFR 960.4-1 (DOE, 1987), 10 CFR 60 (NRC, 1987), and 40 CFR 191 (EPA, 1986);
and (3) whether site recent meteorologic conditions predicted from reasonable
extrapolations of recent conditions will be 1ikely to significantly affect the
construction feasibiiity and precliosure safety of the repository.

As described in Section 8.2.2, Issue 1.1 identifies four climatic
disruptive scenario classes that could produce cumulative releases of
radionuciides that are greater than those allowed by 40 CFR 191 (EPA, 1986).
The four disruptive scenaric classes are as foliows:

¢ Glaciation that dams the Columbia Rijver drainage
{Section 8.2.2.1.1.2.2.6).

o Glaciation over recharde and discharge areas
(Section 8.2.2.1.1.2.2.7).

o Significantly increased rainfall affecting groundwater recharge
(Section 8.2.2.1.1.2.2.8).

e Erosional incision that redirects the Columbia River over recharge
and discharge areas (Section 8.2.2.1.1.2.2.9).

Investigation of these four disruptive scenario classes has never been
attempted in a systematic way and requires the completion of a set of field
investigations and modeling studies. These studies are designed to provide
information that the DOE requires to assess several potentially adverse
conditions (PACs) identified in 10 CFR 60.112(c) (NRC, 1987) (e.g., PAC-3,
PAC-5, PAC-6, and PAC-16).

e Potentially Adverse Condition 3--Potential for natural phenomena
such as tandslides, subsidence, or volcanic activity of such a
magnitude that large-scale surface water impoundments could be
created that could change the regional groundwater flow system and
thereby adversely affect the performance of the geologic repository.

e Potentially Adverse Condition 5--Potential for changes in hydrologic
conditions that would affect the migration of radionuclides to the
accessible environment, such as changes in hydraulic gradient,
average interstitial velocity, storage coefficient, hydraulic
conductivity, natural recharge, potentiometric levels, and discharge
points.

¢ Potentially Adverse Condition 6--Potential changes in hydrologic
conditions resulting from reasonably foreseeable climatic changes.

e Potentially Adverse Condition l6--Evidence of extreme erosion during
the Quaternary.

8.3.1,5-13
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The PAC-6 (hydrologic impacts of climate changes) causes the most direct
concern. The regulatory and technical background for analysis of this condi-
tion is discussed in Issue 1.8 (Section 8.2.2.1.8). A tentative favorable
finding on this issue in the final Environmental Assessment (DOE, 1986,
Section 6.3.1.4.6) is as follows:

The climate of the Hanford Site region is not expected to change signifi-
cantly over the next 10,000 yr. Thus, the groundwater flow system is
expected to remain relatively unaffected.

As defined in the licensing strategy for PAC-6, sensitivity analyses will
be used to determine whether climatically induced changes can be shown to
affect performance parameters. Additional climatic data will be collected to
refine probability estimates for any credible climate scenarios that are shown
to affect performance. The studies required for this evaluation are described
in this section. The performance parameter of importance in this investiga-
tion is the hydraulic gradient measured within the relevant geohydrologic
system. Studies will focus upon the development of information that is
required to provide a defensible estimate of changes in hydraulic gradient
across the controlled area study zone in response to anticipated and
unanticipated climatic changes during the next 10,000 yr. The needed
paleociimatic reconstructions and future climate models are also described in
this section.

The discussion of Issue 1.9(a) (see Section 8.2.2.1.9) specifies studies
that are required in order to identify anticipated and unanticipated future
climatic conditions at the site in the next 10,000 yr. This information is
needed to evaluate the site with respect to the quaiifying condition on
climatic change specified in 10 CFR 960.4-2-4 (DOE, 1987). To produce a
higher level finding on this qualifying condition, the BWIP will require
information about how these climatic changes could affect the hydrologic
system. The analyses described in this section specify the methods that will
be used to provide this information.

The BWIP intends to collect sufficient information to allow the DOE to
compare the effects of climatic changes at the Hanford Site to the effects of
correlative climatic changes at other sites being considered for high-level
nuclear waste disposal. This comparison is required by 10 CFR 960.3-1-5 (DOE,
1987). The BWIP also intends to collect sufficient data to determine whether
ctimatic changes or glaciation over the next 10,000 yr could induce perturba-
tions in the hydraulic gradient, or the groundwater flux through the host rock
and the surrounding geohydrologic units sufficient to increase the cumulative
release of radionuclides to the accessible environment above mandated EPA
Timits.

The comparative analysis to be conducted in response to 10 CFR 960.3-1-5
will consider the ability of the natural barrier system to ensure compliance
with the postclosure guidelines of 40 CFR 191 (EPA, 1986) and 10 CFR 60
(NRC, 1987). Issue 1.9(b) specifies the technical background of the issue
resolution strategy to be followed for this comparison. The performance
parameter of importance for this comparison is, as with Issue 1.8(a), the
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hydraulic gradient across the controlled area study zone. Thus, the analyses
that are required to resolve this issue are the same as those for

Issue 1.9(a). The relationship between performance parameters and supporting
parameters is shown in Table 8.3.1.5-2. The analyses, however, will be
extended to allow specification of climatic change over the Tonger 100,000-yr
timespan. This will make greater demands upon the models of climatic change
that are required, since solutions are required over longer timespans.
Greater levels of uncertainty will probably be involved and special care will
have to be taken for more extensive testing before these longer forecasts are
made. Measures of uncertainty will be produced during the modeling study for
the comparative evaluations. It is not known if the uncertainty associated
with either of these prediction intervals will be acceptable to the NRC.

Table 8.3.1.5-2 shows five performance parameters that are planned to be
estimated in the climate change program. The first of these, hydraulic
gradient across the controlled area study zone, derives from studies defined
in Section 8.3.1.3. The other four derive from Issue 1.9(b}. Estimation of
the values of each of the five performance parameters requires information
about several supporting parameters. In many cases, the same supporting
parameters are required for more than one performance parameter. Where
probabilities are called for, the current estimate column may include two
values. In that case, the first value will refer to the current estimate of
the probability of that event in the next 10,000 yr. The second value refers
to the probability of that event in the next 100,000 yr. 1In all cases the
value given is either 0.5 or 1.0. The first of these, 0.5, is used to
indicate that there is absolute uncertainty about this point at this time.
The vajue, 0.5, indicates, therefore, equal chance of either outcome to the
best of our knowledge. The second of these, 1.0, indicates that it is nearly
certain that the event will occur, although there are not defensible data to
support that statement now, as indicated in the low current confidences.

In a1l cases in Table 8.3.1.5-2, it is assumed that the needed confidence
is very high, greater than 0.99. This confidence is needed to allow
determination of the disruptive scenarios that have a cumulative probability
of 0.0001 or greater in 10,000 yr. At the present time, this is the level of
resolution of disruptive scenarios that is required by the DOE guidelines and
definitions of anticipated and unanticipated events (see Glossary).

More detailed information is provided in Table 8.3.1.5-3 for the
supporting parameters given in Table 8.3.1.5-2 réquiring characterization.
The contents of the current data representation column are inserted to
i1lustrate the current knowledge of the kinds of information that will be
produced during site characterization. For example, the frequency
distribution of temperature is assumed to be the normal distribution. We
assume that this will have some mean, X, and variance, v. The values of these
parameters must be estimated during site characterization. In general, these
parameters will vary as a function of both space and time during the period of
concern. Thus, it is impractical to specify values.

8.3.1.5-15
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Table 8.3.1.5-2.
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Supporting parameters for performance parameters derived from

25535

024

and 1.9(b) (sheet 1 of 2)

2

Issues 1.1, 1.8,

) Confidence Other
System element; performance Parformance parameter Supporting parameter Current estimate SCP
measure :
Current | Needed | Sections
Site subsystem; cumulative Hydraulic gradient across controlled | Hydraulic gradient in surrounding 1x1¢-3to 1x10-% Medium ver 8313
release at the accessible area study zone region hig
envirgnment,
m = {Ci/Cigngwable)
E Recharge rate <10 mmiyr Low Very 8.3.1.3
high
Climatic parameters related to Charactenzation #1 Low Ver
recharge (see Table 8.3.1.5-3) hig
Probability of occurrence of glacia- | Condrtional probability of floods 0.5/1 Qv Low/ Ver
tion that dams Columbia River given glaciation and ice dam medium® |  hig
drainage (Scenario 1)
Conditional probability of floods 0.5/1.0b Low/ Ver
given glaciation and ice dam medium® |  hig
Conditional probability of ice dam 0.5/1.0b Lowe/ Ver
given glaciation mediumb | hig
Prabability of glaciation 0.5/1 0b Low/ Very
mediumb high
Probability of occurrence of glacia- Conditional probabilitr of area 0.5/1.0b Low/ Very
tion over recharge and discharge being covered given giaciation mediumb high
areas {Scenario 2}
Conditional probability of lake 0.5/1.0b Low/ Ver
given glaciation medium®b hig
Probability of glaciation 0.5/ .0b Low/ Very
mediemb | high
Probability of occurrence of Climatic parameters related to Charactenzation #2 Low Ver:
significantly increased rainfall precipitation {see Table 8.3.1.5-3) hig
(Scenario 3
Probability of occurrence of Probability of a drop in base level 0.5/1.gb Low Very
significant erosional incision of given glaciation high
Columbia River {Scenario 4)
Probability of glaciation 0.51.0b Low/ Very
medium® |  high

P5TEE-2014-8.2.1.51
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Table 8.3.1.5-2.

Supporting parameters for performance parameters derived from

and 1.9(b) (sheet 2 of 2)

Issues 1.1, 1.8,

Confidence Other
System element; performance Performance parameter Supporting parameter Current estimate SCP
measure :
Current | Needed | Secttons
Site subsystem; cumulative Probability of occurrence of signifi- | Conditional probability of floods 0.511.0b Low/ Very
release at the accessible cant erosional incision of Columbia given glaciation and ice dam medium® high
environment, Rwver {Scenario 8} (cont.}
m= (CIICIallowable) {cont.)
! Conditional probability of ice dam 0.51.0b Low/s Very

qiven glaciation mediumb high

Climatic parameters related to Characterization #3 Low Very

floods and glaciation {see Table 8 3.1.5-3) high

aVery high = >99%.

High = >90%.
Medium = >50%.
Low = <50%

P5T88-2014-8.3.1.5-1

bEstimates of probaEiIity and current confidences with two values given are for the 10,000-yr and 100,000 yr periods, respectively High = >90%, Medium =

>50%, and Low = <50%.

13vd0 NOILVLTASNOD
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Data requirements for certain climate-

Relevant supporting parameters?

Data requirements

Current data
reprasentation®

Climatic parameters related to
recharge {Characterization #1)

Climatic parameters related to
precipitation {Characterization #2}

Frequency distributions of:
Precipitation
Temperature
Evapotranspiration
Vegetation:

Type
Density
Soils:
Type
Depth

CN {x, v)
N {x,v)
N {x,v)

n {cl}
fn (cl)

n{br, cl)
fn{br, cl)

Climatic parameters related to
recharge (Characterization #1)

Climatic parameters related to
floods and glaciation
{Characterization #3)

Depth
Duration
Erosion
Deposition
Transport

Frequency distribution of flood:

N {x, v)
N {x, v}
N (x, v) :
N{x, v}
N (x, v}

Climatic parameters related to
precipitation {Characterization #1)

Climatic parameters related to
recharge (Characterization #2)

Climatic parameters related to
floods and glaciation
(Characterization #3)

BouTnda ry conhdltlons:
opography
Global:
Ice volume
Seal level
Isostatics

Adrflow
Sea surface temperature

DEM

fn {orb, 0)
fn i, iso}
fni,l e)

fn {eb, be)

fn (eb, be)

3Relationships between supporting parameters and performance parameters are given

inTable 8.3.1.5-2. __,
babbreviations:

bc = Boundary conditions such as topography, land and ice cover, etc.

br = Bedrock type.
¢l = Climate.

CN = Cube root is distributed normally.

DEM = Digital elevation model.

e = Earth geophysical parameters (strength, etc.),

eb = Energy balance.

fn = Function of parameters shown in parentheses.

i = lee sheetvolume.
is0 = Isostatic effects.
|

N = Normal distribution.
orb = Orbital parameters.

Lag effects in isostatic rebound due to rheidity.

o = Qther infiuences on climate.

x = Mean.
v = Variance.

8.3.1.5-18
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Where more appropriate, the current data representation column in
TabTe 8.3.1.5-3 presents relational statements to indicate that the
distribution form is a function of other controlling parameters. For exampie,
we expect that vegetation type is a function of climate. Thus, the vegetation
type is a function of space and time (assumed for all of these freguency
distributions) as well as climate. Therefore, specification of this parameter
can only be provided from sophisticated computer programs.

With respect to specific performance parameters and the supporting
parameters needed to calculate them (Table 8.3.1.5-2), we have suggeted that
the first is considered as an estimate of the actual value of hydraulic
gradient. In order to estimate this value at all times in the next 10,000 yr,
the actual values of recharge and the factors controlling recharge must be
specified. Since the values of the controlling factors vary at the different
locations that are of concern in these computations, it is necessary to
provide those supporting parameter vaiues as frequency distributions in most
cases (see Table 8.3.1.5-3). In the case of precipitation, temperature, and
evapotranspiration, the appropriate forms of these frequency distributions are
suggested. These are for illustrative purposes only. It will be necessary to
examine each of these more carefully before a final frequency distribution is
selected,

Since the performance parameter of hydraulic gradient may be affected by
flood-derived recharge, the data needed to compute that recharge are also
tTisted. Again, although frequency distributions may be used to report these

. values we have 1little confidence in the current estimate of their form and we

have no useful information about the specific values that can be reported at
this time. Future updates may be improved by consideration of available data.

Finally, for computation of the first performance parameter (e.g.,
hydraulic gradient), the boundary conditions listed in Table 8.3.1.5-3 must be
specified. These include the items Tisted. This 1ist is an abbreviated one;
the jtems listed are shorthand notations for much more complicated ideas. For
example, "airflow" means that the global atmospheric circulation patterns must
be solved and specified at grid cells in the area surrounding the site. These
form boundary conditions for Tocal models of winds that, in turn, will form
the basis of estimates of other climatic variables. The process is a
compliicated one and is described iater in Section 8.3.1.5 and Chapter 5.

The second performance parameter in Table 8.3.1.5-2 is a probability, the
probability of disruption of the groundwater of disruption of the groundwater
system due to major floods. These floods have occurred in the past and are
considered 1ikely in the future. They are of two types: those derived from
Lake Bonneville via the Snake River and those from Lake Missoula via the
Scablands. To produce either of these floods requires estabiishment of
certain values of supporting parameters. We represent the relations of the
controlling supporting parameters in this case by the use of a conditional
probability. For the Missoula Floods to occur, glaciation must have occurred
and must have created an ice dam. Only certain glacial conditions will result
in an ice dam, so there is a further conditional probability on this
phenomenon. Finally we must consider the probability of glaciation itself.

8.3.1.5-19
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Each of these probabilities derives from a complex set of additional
considerations. Some of these have already been described in Section 8.3.1.5
and Chapter 5. Additional detail will be provided in the study plans.

Similar Togic is used to develop the entries in the rows relating to the
probability of scenario 2 in Table 8.3.1.5-2. In this case, we must determine
the probability that a glaciation will affect discharge or recharge areas of
the groundwater system. That probability is conditional upon the occurrence
of gtaciation, Another disruption resulting from glaciation is the formation
of lakes that can impact the discharge/recharge relations in the groundwater
system., This is described with a separate conditional probability.

The fourth performance parameter (probability of scenario 3 in
Table 8.3.1.5-2) can be estimated with information that is also required to
compute the recharge estimates for the first performance parameter. This will

not be discussed further here.

The fifth performance parameter (probability of scenarioc 4 in
Tabte 8.3.1.5-2) also makes use of information required for the first
performance parameter (see Table 8.3.1.5-3). It also requires additional
information. Incision can arise from two sources: major floods and lowering
of sea level. The probability of the first of these can be estimated from the
frequency distributions and boundary conditions that are needed for estimation
of the first performance parameter, The second of these, sea level lowering,
can be estimated from a conditional probability approach similar to that used
for several other performance parameters. The probability of incision can be

computed in that case from the probability of a drop in base Tevel given
glaciation and the probability of glaciation. The latter probability must be
known for two other performance parameter probability calculations.

Recent meteorology, atmospheric dispersion, and. related information are
required to address the radiological safety issues (Issues 2.1, 2.2, 2.3, and
2.5) identified in Section 8.2.2. These issues were derived from 10 CFR 960,
10 CFR 60, and 40 CFR 191. Pertinent sections of these regulations and the
issues that involve a consideration of meteorology and atmospheric dispersion
are summarized in Section 8.3.1.5.5.2, as well as the supporting parameters
for the meteorologic elements of Issue 2.1, 2.2, and 2.3.

8.3.1.5.2.2 Technical rationale for the program

To determine if the potential climatic changes are likely to lead to
significant releases of radionuclides, the BWIP will investigate paleoclimates
and will model future climates that are anticipated (i.e., cumulative proba-
bility greater than 0.1, see also glossary) in the next 10,000 yr (Issues 1.1,
1.8, 1.9(a)). The BWIP will also consider events and processes that are
unanticipated (i.e., cumulative probability less than 0.1 but greater than
0.0001 in the 10,000-yr period, see also Glossary) in the next 100,000 yr
(Issue 1.9(b}). Analyses of paleoclimatic evidence will provide estimates of
rates and magnitudes of changes that have occurred in the Quaternary.

Emphasis will be placed upon the Late Quaternary (the last 0.125 m.y.) because
of the limitations of the geologic record. Reconstructions of paleoctimates
at specific time periods will also form the bases for the validation of models
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of climate. Such tests will provide estimates of uncertainty in forecasts of
future climatic conditions. Both the model forecasts and the measures of
uncertainty will be reported.

Twenty-nine major analyses will be conducted in support of the three
climatologic and meteorologic investigations to be conducted during site
characterization. Table 8.3.1.5-4 summarizes the study components. Fifteen
of these analyses are part of the investigation of paleoclimates of the
Pacific Northwest. The objectives of these analyses are stated in
Section 8.3.1.5.3. Six analyses will produce models of climate change
anticipated in the next 100,000 yr. The objectives of these analyses are
described in Section 8.3.1.5.4. Eight analyses will be conducted to address
concerns about recent meteorology and atmospheric dispersion. The objectives
of these analyses are described in Section 8.3.1.5.5.

Because of the broad change of analyses required and the resultant large
number of scientists involved, special efforts will be needed to ensure that
the analyses are coordinated. Three advisory panels (one for each
investigation) will be established by the BWIP to monitor progress and
recommend research strategies as the work progresses. As analysis milestones
are reached, the advisory panels will commission review groups to certify
successful completion of goals.

Current plans call for each of these advisory panels to consist of six to
tweive members. They will include researchers actually involved in the
various analyses and independent experts in the same or similar fields who
have been actively engaged in the same types of research. Examples of the
expertise expected to be included in the advisory panels are provided in
Table 8.3.1.5-5, The advisory panels will be expected to meet regularly, at
approximately 6-mo intervals. These meetings will be arranged to review the
progress on the studies before the regular 6-mo updates to the SCP are issued.

The principal objective of the paleoclimate analyses (Study Components A,
B, and C) will be to reconstruct paleoclimates at specified times during the
Late Quaternary. These reconstructions will be used to allow evaluation of
the sensitivity of the groundwater system. Paleoclimate reconstructions also
allow tests of the models to be used to forecast future climates. Ongoing
paleoclimatic research independent of the BWIP is now reconstructing
paleoclimates at 3,000-yr intervals during the Late Quaternary (Kerr, 1984).
Information for the period 6,000 B.P. is now available (Webb, 1985). To take
advantage of this work--because it is the most Tikely period to yield
information at this level of detajl--and to ensure that the resulis are
available in a timely manner, the BWIP has chosen the same 3,000-yr intervals
of time for paleoclimatic reconstructions. These reconstructions will extend
to 21,000 yr ago. The availability of this information will allow estimates
of the magnitude and rates of climatic change as discussed in Regulatory
Guide 4.17 (NRC, 1985).
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Studies and study components included in the specific

program for investigation of the impact of climatic changes

SCP section Study Title Abbreviated description
component
8.3.1.5.3.3.1 A Characteriza- | Local climate at various time of the Late Quaternary
tion of local will be reconstructed using fossil pollen data from
paleoclimates |lake sediments. The pollen data will be calibrated to
' for the climate through transfer functions. The standard
Hanford Site climate will be reconstructed from dendroclimatic
area data
8.3.1.5.3.3.2 B Quaternary Stratigraphic methods will be used to suppiement
history of the existing information about the glaciation where
glaciation in gaps exist. Field mapping will be used to
the Pacific characterize the dynamics of the ice sheet, effects of
Northwest the ice on the major rivers, and behavior of the large
floods. The disruption of groundwater by flood
water incursion will be studied using
hydrogeological techniques
8.3.1.5.3.3.3 C Climatic Atmospheric variations will be estimated using
history of the | atmospheric general circulation models, which are
northeast used for climatic forecasts. The results of this
Pacific Ocean | analysis, required as input to the local climate
model, will be tested against the paleobiotic-based
reconstructions for the region
8.3.1.5.4.3.1 D Projection of | The local climate model will characterize future
-+local climate climates directly. Results of the study will be used to
change specify the boundary conditions to allow modeiing
of future groundwater systems and specify external
controls on the growth of the Cordilieran Ice Sheet
at its southern margin
8.3.1.5.4.3.2 E Future global | The local climate model will represent the influences
climate change | of the global climate state, including such factors as
oceanic circulation patterns and the regional ice
sheet
8.3.1.5.5.3 F Site Additional meteorological data will be collected to

meteorology

supplement the existing data base. Meteorological
conditions in the area of the Cold Creek Valley will
be examined in greater detail. Field experiments
and computer simulations will be conducted to
increase our knowledge of local atmospheric
dispersion characteristics

P5783-2014-8.3.1.5-3
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Table 8.3.1.5-5. Expertise to be included in the
advisory panels for climate change studies

Paleoclimate panel Future climate panel
Dendroclimatology Local climate modeling
Palynology Hydrology
LimmoTogy Glaciology
Geochemistry Global circulation model
Geochronology Milankovitch
Tephrochronology Atmospheric sciences
Loess Oceanography

Pollen/ctimate transfer function
General paneoclimatology
Oceanography

Hydrology

Glaciology

The paleociimatic reconstructions will serve a second purpose of
validating the models (in the sense of NUREG-0856 as discussed in
$illing, 1983) to be used for forecasts of future climates. Models of local
climate to be produced will provide detailed estimates of climatic conditions
in a geographic grid throughout the geologic setting of the repository. They
will be constructed to allow solutions also at the times in the geologic past
for which the BWIP is reconstructing paleoclimates. Model solutions will be
compared to paleoclimatic reconstructions to validate the model and data
produced. Forecasts of future climates with the models will not be attempted
until the validation tests are considered acceptable by the advisory panel and
external peer review.— o

Future climatic variation will be modeled with a set of six models
(Section 8.3.1.5.3.1), Three will estimate the Tocal components of the
climatic variation, which are climate, glaciers and floods (Study
Component D). The other three will describe the global controls upon the
climatic system, which include global c¢irculation systems and global energy
balance (Study Component E). The local models will use the resuits of the
global models as boundary conditions. Climatic fluctuations that could
significantly affect the repository will almost surely be global in extent.
The probability and timing of local climatic variations can only be estimated
by models that recognize the global controls. Such models will also provide a
representation of the effect of local changes in vegetation and terrain (e.g.,
glaciation on local climate).

Global climatic changes may significantly affect all sites now being
considered as repositories for nuclear waste. All sites must evajuate the
global controls upon climatic change. If the site studies do not all make use
of the same modeling assumptions about global climatic change, decisions about
the stability of a site might be unduly influenced by the modeling scheme used
rather than reflecting the actual conditions. Consistency among the sites in
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the assumptions about global climate change is essential for valid
comparisons. The DOE has recognized this and initiated a study at the PNL for
providing models of global climate change that will be availabie for use by
all of the sites. These DOE models will be used by the BWIP to assess the
stability of the geohydrologic system following local climatic changes.

A description of the global analyses funded by the DOE-HQ is inciuded

(Section 8.3.1.5.3.3.2) to clarify the way in which the BWIP intends to use
this information during the characterization of the Hanford Site.

Climatic models to characterize anticipated future climates will identify
and specify scenarios rather than attempting to compute the entire sequence of
climatic states of the next 100,000 yr. Such a modeling exercise would not be
possible given the current state of climatic modeling and computer technology.
It would also be wasteful of resources; only climatic extremes considered
Tikely to significantly impact site stability (in the sense of leading to
radionuclide releases exceeding the levels established in 40 CFR 191 (EPA,
1986)) need be considered. Climatic states representing extremes in the
giobal climatic system of sufficient magnitude to affect the regional climatic
system will be identified (Section 8.3.1.5.3). Boundary conditions
representing the regional influence of these global climatic states will be
estabiished and local ciimate models will be run under those boundary
conditions. These climatic scenarios will allow computation of recharge and
that information will be passed to models of the regional geohydrologic system
to assess its stability.

Site meteorologic analyses will gather site specific data on the
representativeness of data at the Hanford Meteorologic Station for the
proposed repository location, winds at key Tocations, atmospheric dispersion
characteristics, and the spatial variation in precipitation and atmospheric
moisture. Assessments will be made of data on severe meteorologic events and
atmospheric dispersion will be simulated by computer -models. These analyses
will supplement information from the ongoing Hanford Site meteoroiogy program
and from other meteorologic studies that are unrelated to the repository
program. ATl available data and analyses will be used to assess the
feasibility of constructing a geologic repository for the proposed site,
designing repository faciiities, and scheduling site operations. Meteorologic
data will also play a critical role in developing plans to assure preclosure
radiologic safety of site workers and the general public.

8.3.1.5.3 Past climatic change investigation

This section provides a more detailed discussion of the analyses intended
for paleoclimatic reconstructions. Included is a discussion of the relation
of the analyses to the issues invelving climate change, an outline of the
potential impact of climate change on the site, and an explanation of how site
characterization will resolve the issues involving c¢limate change. There are
three study components: (A) paleoclimate reconstructions, (B) glacial
reconstructions, and (C) sea surface temperature reconstructions (see
Fig. 8.3.1.5-1).
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The paleociimate study will include eight analyses (Study Component A) to
produce direct evidence about the paleoclimatic characteristics of the
geologic setting at various times during the Quaternary (Fig. 8.3.1.5-2).
Existing paleoclimatic information will be summarized (Analysis Al) and new
data collected in several independent analyses (Analyses A2 through A7). AT1
of this information will be synthesized into a consistent description of
paleoclimatic changes (Analysis A8). The paleoclimatic characteristics will
be reported as a set of maps of climatic variables (e.g., precipitation and
temperature) representing various times in the late Quaternary.

Available published literature will form the basis for developing a
systematic understanding of the magnitude and rate of climatic change in the
Quaternary (Analysis Al). Information will be collected and synthesized to
obtain a usable description of past climatic conditions in the geologic
setting of the repository. Because of the disparate views and varying quatlity
of work reported in the Titerature, a working group of scientists invelved in
the program will review the literature to determine the interpretations to be
appiied in each case. If resolution of interpretations cannot be achieved,
the existence of multiple theoretical bases will be formally recognized, and
strategies to identify their importance will be formulated. Detailed
procedures for this will be defined in the study plans.

The first group of anaiyses in Study Component A will provide
paleoclimatic reconstructions using biotic data from two independent methods.
The primary tool will be fossil pollen preserved in lake sediments at
Tocations within the geologic setting (Analysis A4). Transfer functions wilil
be used to estimate climatic parameters from abundances of various fossil
polien species (Analysis A3). The second paleobiotic method will make use of
fossil diatoms (or possibly ostracods or cladocera) to be extracted from the
same lake sediment cores used to obtain the pollen (Analysis A5). These will
be used to reconstruct-paleoclimates at the times that the fossils were
deposited. The availability of this second data set will ailow measures of
consistency; if one method fails to provide sufficient data, the second method
will act as a backup.

A second group of paleoclimatic analyses in Study Component A will
emphasize longer term (but lower resolution) records that extend throughout
the Quaternary and beyond. Deposits of windblown si1t (loess) and other
eolian deposits will be studied at various locations throughout the geologic
setting (Analysis A7). It is anticipated that these deposits will provide
evidence of the magnitudes and timing of major fluctuations in atmospheric
circulation and local paleoclimates throughout the Quaternary.

The history of sea surface temperature changes in the northeast Pacific
Gcean throughout a significant portion of the Quaternary will be reconstructed
using fossils of planktonic species retrieved from cores of oceanic sediments
(Analysis C1l). This will provide a second means of estimating long-term
climatic variation in the Pacific Northwest. Analysis €2 will provide
reconstructions of sea surface temperatures in the northeastern Pacific Ocean
at the same time periods studied in Analysis A8.
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Figure 8.3.1.5-2. Work requirements and analyses inciuded in
the characterization of paleoclimates.
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Because the most extreme changes in the past are helieved to be those
accompanying major glaciation events, such glaciation will be characterized in
five separate analyses. The configuration of the southern margin of the
Cordilleran Ice Sheet in the Late Quaternary will be reconstructed in maps
(Analysis Bl). The dynamic behavior of that ice sheet during its growth and
decay will also be illustrated on those maps, and the effects of that ice
sheet on the fectonic regime of the geologic setting will be estimated
(Analysis B2). The direct and indirect disruptions of the surface-water
system as a result of glaciation will be characterized from field evidence
(Analysis B3). Past glaciations have produced enormous floods in the Pasco
Basin, and the field evidence concerning the dynamics of such floods will be
summarized (Analysis B4). The actual effects of past floods on the
groundwater system will be examined in detail (Analysis BS).

Two analyses will characterize the history of the northeast Pacific Ocean
during the Quaternary. Analysis Cl will look in detail at the variations at
one point over the entire period. Analysis C2 will characterize the
variability of sea surface temperatures throughout the northeast Pacific Ocean
at each of several time periods. ‘

8.3.1.5.3.1 Purpose and objectives of investigation

The following section provides a brief description of the information
that will be obtained in this investigation and how the information will be
used. Also included is the rationale and justification for the information to
be obtained by the investigation. In general, the rationale for these jnves-
tigations derives from direct Federal regulatory requirements for specific
studies. Where these apply to the objectives of other investigations, the
relationships between this investigation and the higher level goals are
described. Paleoclimate studies are planned for two purposes. One is to
augment paleohydrological groundwater characterization by providing estimates
of paleorecharge in other ciimatic regimes. The other is to develop and
vaiidate climate models to be used in predicting future climate conditions as
input to predicting radionuclide travel in groundwater primarily by providing
estimates of recharge for the next 10,000 yr.

At this time it is not known whether the precision and accuracy of the
data to be collected is likely to satisfy the requirements of the methods that
will be used to predict radionuciide transport. Those methods themselves have
not yet been completely defined. Table 8.3.1.3-7, Section 8.3.1.3, lists
those parameters that are needed for the hydrologic modeling. Studies
described in Section 8.3.1.3 will provide information about the resolution in
these parameters that will be required. When that information is available,
the climate studies will be reevaluated to determine whether the climate
change research effort will provide an adequate level of detail. Redirection
of the study plans may be necessary at that time. The paleoclimate study is
divided into 16 analyses, which are described in this section.
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8.3.1.5.3.2 Rationale for investigation

The characterization of climates that the region has experienced during
the Quaternary (Heusser, 1983; Mehringer, 1985; Porter et al., 1983) must rely
almost exclusively on geologic evidence, which is sparse and incomplete. To
provide reconstructions of the greatest reliability, a range of different
techniques will be applied, as appropriate.

Descriptions of paleoclimates of the local area will be based on the
fossil record of proxy climate indicators. Cores of lake sediments can yield
polien characteristic of the climate at the time the sediment was deposited
(Faegri and Iversen, 1975; Birks and Birks, 1980). Age of the sediments is
determined through radiocarbon dating (Sheppard, 1975), paleomagnetics,
thermoluminescense, Uranium-series, fission track, and tephrochronology
(Sarna-Wojcicki et al., 1983). The relation between the vegetation
represented by fossil pollen spectra and the actual climate at that time can
be computed from pollen/climate transfer functions (Howe and Webb, 1983;
Bartlein et al., 1984).

Pollen and climate transfer functions must be constructed from pollen
abundances typical of the presettiement period (100 to 500 yr ago). Modern
pollen rain is not typical of that period, because of the landscape alteration
and introduction of exotic plant species that accompanied European settlement
(Mack and Bryant, 1974; Heusser, 1978). The BWIP will sample pollen from
sediment deposited between 100 and 500 yr ago in takes located in
representative vegetation and climate zones. Climate for the period 100 to
500 yr ago will be reconstructed using tree-ring records (Fritts, 1976; 1985).
These pollen and climate reconstructions will be related through transfer
functions.

During the Quaternary glacial ages, great ice sheets extended into
northern Washington (see Section 5.2,1.2.3). The ice impacted the rivers and
tocal climate (Waitt and Thorson, 1983; Porter et al., 1983). The history of
the Cordilleran Ice Sheet lobes in eastern Washington, as well as alpine
glaciers in the Cascade Range, will be summarized. These summaries will be
based on the relevant Titerature and additional field work as required.
Attention will be focused on the glacial history of the last (Wisconsinan)
glaciation, which is the best known.

Separate analysis of the dynamic behavior of ice sheets in the region
will allow testing models of future glaciers. One influence of glaciation was
the modification of surface drainage systems. Major floods, the most
extensive known from the geologic record, probably accompanied each major
glacial advance. Flood waters directly covered the reference repository
location during the last series of events (Baker and Bunker, 1985; Waitt,
1980), and an examination of the effects of these floods will be a separate
analysis item. The possibility that such floods can influence the groundwater
system will also be investigated.
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9

CONSULTATION DRAFT

The climate of the Pasco Basin is strongly influenced by the Pacific
Ocean (see Section 5.2.1.3). Prevailing westerly winds carry precipitable
water inland. The strong orographic influence of the Cascade Range results in
undersaturated air reaching the Hanford Site. Thus, it is the combination of
the amount of moisture provided by the Pacific Ocean, orientation of the
dominant wind fields, and topographic setting of the region that defines the
climatology of the area. An examination of the temperature history of the
northeast Pacific Ocean will be made to place the reconstructed climate in the
appropriate regional context and ensure that mechanisms of climate change are
correctly understood before forecasts are made.

The amount of moisture supplied by the Pacific Ocean is influenced by the
rate of evaporation from its surface. This, in turn, is controlled by the
temperature of the water at the ocean-atmosphere interface (i.e., the sea
surface temperature). Reconstruction of sea surface temperatures will be
accomplished using methods analogous to the pollen-based climate
reconstructions on land (Ruddiman, 1985). Fossil planktonic species cobtained
from specified temporal horizons in deep-sea cores will be employed.

Transfer functions relate the abundance of different species (or suites
of species) to the sea surface temperature. These will be used to reconstruct
regional sea surface temperature patterns in the northeast Pacific Ocean at
regular time "sTices" in the late Quaternary. Also, the continuous temporal
history of sea surface temperatures will be summarized at one location to
characterize its relationship to sea surface temperatures occurring on a more
global scale. Only a single location is to be studied because the record is
unlikely to be found in many cores and the time required to obtain additional
cores would probably be prohibitive. If is now standard practice in paleo-
oceanographic studies to represent large areas of the ocean with results of
single cores. For example, the CLIMAP (1981) global reconstructions used
450 cores throughout the world's oceans. Ruddiman (1985) discusses many
examples of paleoclimatic reconstructions from oceanic core records.

Atmospheric circulation establishes the local pattern of climate, and it
can change because of variations in the global ccean circulation (see
Section 5.2.2.3). Massive ice sheets further perturb circulation patterns.
Both types of changes occurred in this area; large glaciers were near and sea-
surface temperature patterns had shifted (Gates, 1976). These changes
constitute the cryosphere-atmosphere-ocean system, and the effects on
atmospheric circulation must be understood. Minimal geologic data are
available so computer models will be used. Models are available that have
been used for similar problems already (Manabe and Broccoli, 1984).

The various study components for characterizing the paleoclimates of the
Pasco Basin are identified in Figure 8.3.1.5-1. The relative order in which
the work must progress due to interdependence between different items is
discussed in Section 8.3.1.5.3.5. Although most of the analyses can proceed
relatively independently, certain critical relationships must be satisfied.
These are discussed in the following paragraphs.
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Climatic reconstructions for the late Quaterpary (Analysis AB) cannot be
completed until the transfer functions are available (Analysis A3). These
must be based on dendroclimatic reconstructions for the period 100 to 500 yr
ago (Analysis A2). The long-term climatic reconstructions also require
several cores with records extending through at least the last glacial maximum
from different Takes in the area (Analysis A4). Only one such core is
presently available from the Columbia Ptateau (Barnosky, 1985).

Reconstruction of Tlocal atmospheric circulation patterns is based on the
specification of boundary conditions. These include the configuration of the
Cordilleran Ice Sheet (Analysis Bl) and the pattern of sea surface
temperatures in the northeast Pacific Ocean (Analysis Cl). Atmospheric
modeling can be conducted for a specific time horizon (e.g., 15,000 yr ago) as
soon as the’glacier and ocean information are available for that horizon. If
carefully coordinated, much of this work can proceed concurrently. This is
important since each item of the cryosphere-atmosphere-ocean reconstructions
will require several years of work.

8.3.1.5.3.3 " Description of past climatic change study

Three study components will be executed by the BWIP to define the
paleoclimatic characteristics of the Quaternary within the geologic setting of
the repos1tory These studies will identify the local paleoclimates,
variations in the cryosphere, and changes in the oceanic systems bordering the
coast of Washington State. This information will be used to assess the
stability of the geohydroiogic system during the Quaternary.

8.3.1.5.3.351 Study Component A: characterization of
Jocal paleocliimates for the Hanford Site area.

This study component will reconstruct the local climate at various times
in the Tate Quaternary using fossil polien data from lake sediments. The
polien data will be calibrated to climate using transfer functions developed
by relating subrecent pollen abundances to a standard climate for the Columbia
Plateau. The standard climate will be reconstructed from dendrociimatic data
of the past“400 to 500 yr and weather station data.

These items are all grouped into a single study component because they
all derive from the same requirement; i.e., 10 CFR 960 calls for an assessment
of Quaterpary climates (DOE, 1987, pp. 47761-47762). In addition, these
analyses are interrelated in that the data derived from one may form the input
to another, or the resuits of the first will calibrate, or test, the results
of another., The relationships between these various studies are shown in
Figure 8.3.1.5-3.

For the local climate reconstructions, pollen spectra from cores
extending through at least the last glacial maximum of a number of lakes can
be obtained immediately. These cores cannot be interpreted in paleocliimatic
terms until a transfer function is available. For the transfer functions, the
dendroclimatic reconstructions and the core-top samples of pollen must be
available. Thus, the dendrociimatic reconstructions and core-top sampling
must be done at an eariier date.
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climate change at the Hanford Site.
and interdependencies of the various analyses.

Analyses included in the specific program of investigation of
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The eight analyses included in this study component are as follows:

Al--Synthesis of existing information.

A2--Defining standard climate.

A3--Calculation of polien/climate transfer functions.
A4--Collecting fossil pollen data.

A5--Collecting lacustrine biotic data.

A6--Collecting and interpreting lake level fluctuation indicators.
A7--Determining paleo windflow patterns.

A8--Reconstructing paleoclimates at specific times.

A1l eight of these analyses must be completed by the end of FY 1993 to
test the models designed to forecast future climates. Boundary conditions
required for that test will be derived from the regional paleoclimate
characterization studies (Analyses Bl and Cl). The local climate model for
the Pacific Northwest (Analysis D1) will create a description of the
paleoclimate under a set of boundary conditions. This process will create a
climate that is reconstructed from two independent sources of evidence, the
polien-stratigraphic techniques (Analysis A8) and modeling. An important test
of the capabilities of the climate model will thus be available.

In addition to the applications of the paleoclimate characterization for
testing the forecast model, reconstructions of paleoclimate will also provide
a set of bounding scenarios to serve as input to a regional model of long-term
groundwater flow of the Columbia Plateau (see Chapter 3 and Section 8.3.1.3).
Modeling of groundwater flow will begin in FY 1992, and paleoclimate bounding
scenarios must be available.

A1l analyses in this study component will focus on the Columbia Plateau
and surrounding mountains. Core-top samples of pollen will be derived from a
larger area than the palynologic reconstructions. This will ensure that the
range of species and climates included in the sample represent those to be
encountered in the smailer area over a longer timespan. To supplement the
palynological data, a Titerature-based synthesis of paleoclimates for the
entire Pacific Northwest will be completed early. This will identify major
gaps in knowledge and set the reconstructions in a regional context.

As a well established paleoenvironmental discipiine, palynology possesses
a standardized, widely accepted suite of analytical methods (Birks, 1981;
Faegri and Iversen, 1975). Assumptions underlying the reconstruction of
vegetation and climate from fossil pollen have received considerable study
(Davis, 1967; Davis et al., 1973; Birks, 1981; Overpeck et al., 1985;
Prentice, 1985). Comparisons have been made among the different approaches to
constructing statistical relationships used in poilen/climate transfer
functions (Webb and Clark, 1977; Kay and Andrews, 1983).

Strategies for identifying and minimizing the sources of the uncertainty
in paleoclimatic estimates have been defined (Bartlein et al., 1984; Bartlein
and Webb, 1985; Howe and Webb, 1983). First attempts to apply these
strategies to the Pacific Northwest have been made (Heusser et ai., 1980;
Mathewes and Heusser, 1981). The BWIP paleoclimatic reconstructions will
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penefit from recent studies showing how to determine the applicability of
alternative quantitative approaches (Overpeck et al., 1985; Bartlein and
Webb, 1985).

Of the eight analyses described in this section (Analyses Al through A8),
the first (Analysis Al) is based totally on literature and requires no
analytical procedures (Table 8.3.1.5-6). Analysis AZ relies primarily on the
procedures of dendroclimatology (Table 8.3.1.5-6). This field is well
astablished, but it will require some development of Autoregressive Moving
Average (ARMA) modeling, simulation modeiing and related analytical techniques
to obtain time stability and to evaluate procedural differences
(Fritts, 1985). Similarly, the procedures of development of transfer
functions (Analysis A3) rely heavily on established statistical procedures
(Bartlein et atl., 1984).

Analyses A4 through A7 will collect the field data of paleoclimatic
parameters required for the final paleoclimatic recenstructions. Pollen data
are to be collected from cores of lake sediments in Analysis A4. Other
lacustrine biotic data (primarily diatom abundances) will be recorded for the
same cores in Analysis A5. Nonbiotic indicators of lake-level fluctuations
and hydrologic and climatic data required for geohydrologic interpretations of
Jake level fluctuations in the geologic setting will be collected and
interpreted in Analysis A6. Eolian deposits will be examined in Analysis A7
to extract information about paleo windflow directions and speeds. ‘

The paleoclimatic reconstructions {Analysis A8) require the knowledge of
many experts in paleoclimatology. Exact procedures are not defined; these
will be determined by professional judgment. The quality of that judgment
will be studied following the reconstruction by using quantitative measures of
reproducibility. Procedures that are known to be needed in the paleoclimatic
studies are listed in Table 8.3.1.5-5.

8.3.1.5.3.3.1.1 Analysis Al--Synthesis of existing information.
Published information provides a wealth of concepts about climatic changes for
many areas immediately adjacent to the Pasco Basin. The results of this work
are, in many cases, directly relevant to the characterization of paleoclimate
at the Hanford Site. To ensure that this information is available in the
climatological studies and to assess the degree of certainty (or uncertainty)
in the interpretations of the existing information, a synthesis of
paleoenvironmental 1iterature spanning all relevant discipiines will be
executed in Analysis Al. Where information gaps exist in needed information,
these will be identified and additional plans to resolve those information
needs will be defined. Instrumental climatic records will be assembled from
existing sources, and corrections for known biases will be performed
(Karl et al., 1986).

8.3.1.5.3.3.1.2 Analysis A2--Defining standard climate. In order to
accurately model the present groundwater system and to reconstruct the
regional paleoclimates, a baseline or standard climate must be defined,
Statistical parameters of recorded weather data and reconstructed variations
over the last 500 yr will be used to establish this "standard climate." This
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Local paleoclimate analyses procedures

Analysis
numoer

Analysis

Procedure

Al

Synthesis of existing
information

Computer-based reference system maintenance, selection of relevant literature,
selection of existing climate data, correction of climatic data, summarizing
literature, review of summaries

A2

Defining standard
climate

Data transfer, tree-ring station selection, tree-ring site selecuon, tree selection,
tree coring, field management of tree-ring cores, transportation of tree-ring
cores, laboratory storage of tree-ring cores, measuring tree-ring cores, recording
of tree-ring data, cross-dating and checking tree-ring cores, construction of
transfer functions between climate and tree-ring data, application of transfer
functions to entire tree-ring record

A3

Calculation of pollen/
climate transfer
functions

Construction of pollen/climate transfer functions, testing of polien/climate trans-
fer functions, application of pollen/climate transfer functions to long-core pollen
data, peer review

A4

Collecting fossit
pollen data

Pollen analysis site selection, site recannaissance, selection of candidate sites,
sediment coring with Livingston corer, sedimant coring with short-core samplers,
sediment core management in field, core transportation, laboratory storage of
cares, core description, core sampling, equipment calibration, data recording,
transfer of core samples

AS

Collecting lacustring
biotic data

Data transfer, sediment corefsample transfer, radiocarbon dating,
tephrochronology, magnetostratigraphy, varve counting, fossil identification,
data synthesis, peer review

AB

Collecting and
interpreting lake
level fluctuation

Lake-site selection, core-location selection, obtaining lake cores, field manage-
ment of lake cores obtained, laboratory storage of lake cores, lake-core
sampling, transfer of lake-core samples, isotope analysis, macrofossil identifica-
tion, radiocarbon dating, tephrochronologic dating, data recording, lake-level
reconstruction

Transfer of lake-core sampies, 150/180 anmalysis, hydrogen/deuterium ratio
analysis, geochemica! analysis, indicator mineralogical analysis, sedimentological
analysis, data synthesis

A7

Determining paleo
windflow patterns

Dune, tephra, and loess deposit site sefection; core-location selection; obtaining
deposit-cores; field management of cores; core sampling; transfer of core
samples; exposure-location selection; exposure sampling; dune identification;
dune mapping; dune sampling; mineral composition identification; radiocarbon
dating; tephrochronologic dating; data recording; source area identification

AB

Reconstructing
paleoclimates at
specific times

Data transfar, conversion of data to groundwater model format, development of
paleoclimate reconstructions, reconstruction testing and analysis, transfer func-

tions testing and analysis, data synthesis
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standard climate will provide the input for modeling the present groundwater
system and will serve as a reference point for the transfer functions that
will be developed during Analysis A3. The standard climate will be defined
based on dendroclimatic data for the period 100 to 500 yr ago and weather
station data for the period from 100 yr ago to the present.

DendrocTlimatic analysis will be needed to aid in the construction of
transfer functions relating the abundance of pollen of various species to the
actual climate that existed at the time the pollen was deposited. It is
necessary to avoid pollen spectra of the past 100 yr when constructing such
transfer functions, because species composition has changed so drastically
with land aiteration and the introduction of cultivated and nonnative "weed"
species. The modern pollen rain is no longer the product of vegetation in
equilibrium with climate. Therefore, transfer functions must be constructed
that relate pollen and ciimate at some earlier time (before 1880). Using
dendroclimatology, the climate of the region over the past 100 to 500 yr will
be reconstructed. Once the paleoclimate has been reconstructed by
dendroclimatology, standard methods of pollen analysis (Arigo et al., 1984)
will be used to statistically relate the paleoclimate with correlative
paleopollen spectra. Careful dating methods must be applied to allow the
correlation of spatial and temporal variations. Such correlation methods wilil
be a difficult task.

A second application of the standard climate reconstructed with
dendroclimatology will be to define the recent climate of the area. This will
suppiement the instrumental record, which, in some cases, is Tess than 30 yr.
There 1s clear evidence that variations in climate over the past 500 yr have
exceeded variations recorded in the past 30 yr (Williams and Wigley, 1983;
Heusser, 1957; Heikkinen, 1984; Blasing and Fritts, 1976). Therefore, the
instrumental record alone is not representative of recent conditions of
recharge to the regiorial groundwater flow system (see, for example, Diaz,
1986). At present, it is unknown what resolution in estimates of recharge
can be achieved with this method. Determination of the resolution that can be
achieved, and the resolution that is required will be an early part of the
BWIP studies.

Although useful tree ring data cannot be collected from within the Pasco
Basin proper, there are sufficient records available in higher elevation areas
surrounding the Pasco Basin. Such records have been applied to estimation of
climate in the Pasco Basin (Cropper and Fritts, 1986). Procedures for such
work, as well as means of extrapolation, must be carefully considered and
tested.

8.3.1.5.3.3.1.3 Analysis A3--Calculation of pollen/climate transfer
functions. Availability of transfer functions will allow the use of pollen
data (Analysis A4) to reconstruct the paleoclimates of the Pasco Basin
(Analysis A8). These reconstructed paleoclimates will form the basis for
statements about the range of changes in climate that are possible over the
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next 100,000 yr. Since the regional climate will be characterized at 3,000-yr
intervals (see Analysis A8), an estimate of the net rate of change of climate
over these periods can be made. This may not represent the maximum or minimum
rate of change during that period. Both of these items are requested by
Regulatory Guide 4.17 (NRC, 1985, Section 5.2.2).

8.3.1.5.3.3.1.4 Analysis A4--Coliecting fossil polien data. An analysis
of the Quaternary paleociimatology of the candidate area and site is needed,
and it must be supported with geologic, biological, and ecological evidence in
accordance with the recommendat1ons of Reguiatory Guide 4.17 (NRC, 1985,
Section 5.2.1).

Palynology is the only means of paleoclimatic reconstruction that has
been widely applied in the Pacific Northwest (Heusser, 1983; Baker, 1983).
There is a reasonably large number of sites in the Columbia Plateau and
adjacent regions where pollen data have already been collected
(Fig. 8.3.1.5-4) (Baker, 1983; Mehringer, 1985). Thus, the primary method of
satisfying this information need is by collection of fossil pollen and
reconstruction of late Quaternary paleociimates (see Analysis A8). Emphasis
will be placed on obtaining records that extend back through the last
glaciation. Where practical, paleoclimatic records that extend back through
the previous intergiacial (oxygen isotope stage 5e) will be obtained. There
are a limited number of sites where such long records can be expected to be
available. This places severe constraints upon the details of paleoclimate
reconstructions that can be obtained.

Data made available from this analysis will form the primary input to the
analysis (see Analysis A8) that will create the paleoclimate reconstructions.
The basis of this reconstruction wiil be the application of the pollen
transfer functions produced from Analysis A3.

Independent of the reconstructions that are to be produced at 3,000-yr
intervals of time, other reconstructions are possible that may offer some
advantages. In particular, the widespread occurrence of volcanic ash layers
in the Pacific Northwest (see Section 5.2) provides datable time horizons that
can be more readily identified in most sedimentologic records. The BWIP will
consider the use of certain of these horizons for paleoclimatic
reconstructions. One disadvantage to using these other time pericds is that
they are not associated with global reconstructions, as are the 3,000-yr
intervals. This eliminates the opportunity to understand the local climate,
which is reconstructed within the broader hemispheric and global system.
Since a major purpose of the paleociimatic reconstructions is to provide an
understanding of the manner in which future climates may evolve, it is more
desirable to examine local reconstructions within the broader system that
controls those changes.

8.3.1.5.3.3.1.5 Analysis A5--Collecting lacustrine biotic data.
Guidelines provided by Regulatory Guide 4.17 {NRC, 1985, Section 5.1.1)
suggest that the anaiysis of paleoclimates include an assessment of the
applicability and validity of the reconstructions. Such information will be
provided through independent, supporting lacustrine biotic data. Fossil
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Figure 8.3.1.5-4. Locations of some of the sites in the northwestern
United States at which pollen samples have been collected (from
Mehringer, 1985).
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diatoms ostracods and algae and plant macrofossils selected from the same
locations as the fossil pollen data and subject to an analogous paleoctimatic
interpretation procedure, will be considered for use to assess the consistency
of the pollen studies (Analysis Ad).

One potential problem with the use of fossil diatoms {and other proxy
indicators) is that the record prior to the Holocene is sparse and may have
been removed by Scablands erosion in lakes below 335 m (1,100 ft). It is not
certain that sufficient species are available to bracket the range of
paleoclimatic variability. Nor is it known whether such species are sensifive
to the magnitude of climatic change that has occurred in the Columbia Basin.
Because of these potential limitations, these Tacustrine biotic records cannot
be relied upon as the primary vehicles for paleoclimatic reconstructions.

These lacustrine biotic data will be used principaliy to provide
estimates of the magnitude of lake-level fluctuations throughout the period
represented by the sediment cores. These reconstructions of lake level
changes can be used to make first-order estimates of fluctuations in
groundwater in the unconfined aquifers of the Columbia Plateau. These data
will be combined with other data (such as geochemical indicators) collected in
conjunction with Analysis A7 and will be interpreted in that analysis.

PaleocTlimatic reconstructions based on the lacustrine biotic data chosen,
given the sediments under analysis, will supplement and provide tests of
pollen-based paleocliimatic reconstructions (Analysis A8). Such data will also
be usad to refine the pollen-based reconstructions and may provide the ability
to 1ink the Tlong-term (thousands of years), proxy climatic record with the
short-term (tens of years) instrumental record of historic climatic variation.
Such a Tink would derive from the higher resolution of record that couid be
obtained from the Tacustrine biotic data. This will provide another important

measure of the validity.of the reconstructions.

8.3.1.5.3.3.1.6 Analysis A6--Collecting and interpreting lake level
fluctuation indicators. Of great concern in considerations of the long-term
geologic stability of the Hanford Site is the possibility of radionuctide
transport by groundwater. The geologic evidence capable of reflecting on the
possible changes in the groundwater system is limited and difficuilt to obtain.
An important source of such information is the fluctuations in the levels of
lakes in the surrounding region. Although the variations cannot be directly
measured, they can be interpreted from the geochemical and sedimentologic
evidence of lake-level fluctuations. Examples of such evidence include:
drownad and buried meadow soils and trees, strand lines, tufa deposits, and
core chemistry (Mehringer, 1985)}. This analysis will be conducted in
conjunction with the collection of cores representing the past 500 yr of
sediment record (Analysis A4) so that the records of water levels, lake
volumes, and surface areas can be correlated with microfossil types and
abundance, grain size and source area, and the mode of deposition (eolian or
slopewash). There will be an examination of the cores for distorted laminae
and their use as indicators of past tectonic activity (Sims, 1975). This
could include x-rays of many lake cores. Most of these lakes are directly
connected to the groundwater system, so fluctuations of the one will be
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reflected in the other. Methods have been developed to reconstruct, at Teast
partially, the history of such lake fluctuations (Winter and Wright, 1977;
Gillespie et al., 1983). Because of erosion attributed to Missoula floods, it
is unlikely to find many lakes with sediments older than Holocene age.

A major application of the resulis of the paleoclimate characterization
is to provide a measure of the stability of the groundwater system. One
important measure of that stability is the extent to which the groundwater
table has fluctuated during the Quaternary.

Variables used to reconstruct such fluctuations from geologic information
include the physical and chemical properties of lake sediments (Birks and
Birks, 1980). This analysis will provide the nonbiotic evidence of lake level
fluctuations in the Columbia Basin. The results of this analysis will be used
to address questions concerning the hydrologic system in successive climatic
regimes and to identify the locations of potential aquifer recharge areas as
requested by Regulatory Guide 4,17 (NRC, 1985, Section 5.2.1).

Using modern data on Take-level fluctuations, the geohydrologic
significance of lake-level fluctuations in the Pasco Basin will be
reconstructed. These reconstructions, combined with data from Analysis A6,
will provide the basis for estimating the corresponding variations in
groundwater conditions during the late Quaternary. Finally, an attempt will
bﬁ made to correlate the fluctuations with the broader record of climatic
change.

Regulatory Guide 4.17 suggests an assassment of the "relationships
between air temperature and regional precipitation, in relationship to the
water balance of the area" (NRC, 1985, Section 5.2.1). The results of this
analysis will provide the most direct and reliable evaluation of those
relationships. The information will be used as a guide to specify those
climatic changes that are potentially destabilizing.

8.3.1.5.3.3.1.7 Analysis A7--Determining paleo windflow patterns. 1In
Regulatory Guide 4.17 (NRC, 1985, Section 5.1.1), the NRC requests that the
BOE provide information about past and expected future windflow regimes and
the potential changes and rates of change that c¢an occur in these. Windflow
information is relevant to the characterization of the climatic stability of
the Hanford Site since it allows first-order estimates of the changing
influence of the global climatic regime at the site. The orientation of major
windfTow patterns provides a basis for estimating the precipitation at the
site. Windflow information, especially the speed of winds, is important in
the computation of evaporation and evapotranspiration in the area. This is
critical for complete estimates of the infiitration and recharge to the
groundwater system. Observational data of modern windfields have been
reported by Wendland and Bryson (1981).
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Paleo windflow directions and magnitudes can be estimated through the
examination of eolian deposits. Examples of useful deposits in the Pacific
Northwest include sand dunes, Toess deposits, and tephra. Dispersal patterns
of indicator mineralogies has also been used for more general studies. These
methods are discussed in greater detail in Chapters 1 and 5 and the references
cited there.

Studies of dune fields suffer from difficulties of establishing chronol-
ogies for episodic eolian activity (Kutzbach and Wright, 1985; Mehringer and
Wigand, 1986; Ahlbrandt, 1983). Because of this, it will be prudent to
establish and evaluate the chronologies of available dune fields before
continuing the analysis. That work would continue only if the chronologic
controls warrant it.

The paleo windflow information derived in Anaiysis A7 will be used for
paleoclimatic reconstructions (Analysis A8). The same information will be
made availablie .to the pollen-based paleoclimatic reconstructions to improve
estimations of pollen dispersal routes. Paleo windfliow estimates will be used
in Analysis Bl to caiibrate and test the model of local climatic variability.
Finally, the same information will be used in Analysis E3 to compare to the
regional windflow patterns reconstructed by the general circulation model.

8.3.1.5.3.3.1.8 Analysis A8--Reconstructing paleociimates at specific
times. In Issue 1.9, the BWIP has identified the need to evaluate the
magnitude of climatic change during the Quaternary. This information will
allow a decision on qualifying condition 10 CFR 960.4-2-4 (DOE, 1987).
Knowledge of the magnitude of climatic change during the Quaternary will also
allow a decision on favorable condition 10 CFR 960.4-2-4(b)(2). Thus, the DOE
has clearly indicated the need to understand the range of climatic change that
has occurred during the Quaternary. Analysis AB will provide a synthesis of
information derived in Analyses Al through A7 in order to characterize the
range of Quaternary paleoclimates.

The NRC guidelines explicitly state that an assessment of paleoclimatic
conditions at the candidate site should be included as a portion of the site
characterization (NRC, 1985, Section 5.2.1). The site characterization should
“Provide an analysis of the Quaternary paleoclimatology of the candidate area
and the site...." This should include an analysis of "...precipitation
regimes...." and "Relationships between air temperature and regional precipi-
tation...." Such analyses are to be provided for "...the successive climatic
regimes, in the context of determining the magnitude of the climatic changes
and the rates at which the changes occurred."

To provide the information requested by the NRC for the licensing review,
various data sets (Analyses A4 through A7) will be synthesized in a descrip-
tion of the paleoclimate of the area. These reconstructions are expected to
be done for the time period extending from the present to 21,000 yr ago in
3,000-yr intervals. These "time slices" are chosen for the following reasons:

e They are representative of a broad range of climatic conditions
(glacial through interglacial).
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e The bulk of the available paleoclimatic data is known to represent
this period.

e The same time slices are currently being reconstructed through the
Cooperative Holocene Mapping Projects (COHMAP), a consortium of
paleoclimatic researchers (Kerr, 1984).

Information will be provided in a format that can be integrated with computer
models of the groundwater system. This will allow examination of the impacts
of climatic change on the groundwater system.

The results of Analysis A8 will also satisfy the NRC guidelines that
specify: “The validity and applicability of the information provided, with
respect to the representation of conditions at and near the site, should be
substantiated" (NRC, 1985, Section 5.2.1). The information provided by this
analysis will provide a basis for estimating the uncertainties in
reconstructions. These uncertainties (standard deviations) will allow
meaningful statistical tests of skill of the local climatic model in fitting
observed climate. Such tests are defined as part of the second study (see
Analysis D1).

8.3.1.5.3.3.2 Study Component B: Quaternary history of
glaciation in the Pacific Northwest

Paleoclimatic reconstructions for the Columbia Plateau partially depend
on the knowledge of past glacial events. For example, climatic zonation and
the magnitude of climatic gradients depend on the location of the glacier
margin at a given time. Thus, the glacier reconstructions are a natural part
of the paleoclimatic characterization. The current understanding of those
events is summarized in Section 5.2.1.2.

Further examination of the disruption of drainage systems by the growing
glaciers is required because understanding the disruption seguence requires
knowledge of glacier history. Similarly, understanding the history and
characteristics of major floods in the Pasco Basin (the Missoula floods and
the Bonneville floods) also requires information about the glacial history,
since nearly all of those floods were the direct result of the failure of
glacial dams of lakes (Clarke et al., 1984).

The analyses of regiomal glaciation are also needed for the local climate
model (Analysis D1). The configuration of the cordillieran Ice Sheet must be
specified to run the local climate model. As a result of these analyses, that
configuration will be estimated at 3,000-yr intervals since the beginning of
the last glacial maximum (21,000 yr ago).

The following five analyses are included in this study component:

Bi--Specifying glacial configurations.

B2--Defining dynamics of glacier movements.
B3--Documenting river disruption by glaciers.
B4--Specifying behavior of major glacial floods.
BS--Investigating groundwater disruption by floods.
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Stratigraphic methods will be used to supplement the existing information
about the glaciation of the area where gaps exist (Analysis Bl). Similar
field mapping procedures will be used to characterize the dynamics of the ice
sheet (Analysis B2), effects of that ice on the major rivers of the area
(Analysis B3), and behavior of the large floods produced by failure of ice
dams (Analysis B4). The possibie disruption of the groundwater by flood water
incursion (Analysis B5) will be studied using hydrogeologic techniques. These
items are grouped as a single study component because they relate to
glaciation and glacially derived phenomena. Methods of analysis are similar
in all except Analysis B&, which is included because it requires the results
of the other analyses for conciusions.

A natural progression of increasing understanding about the Hanford Site
will be achieved as the analyses are completed in their order of presentation.
The effects of floods on the groundwater system (Analysis B5) depends on the
flood dynamics (Analysis B4). Flood dynamics depend on the mode of disruption
of the drainage systems by glaciers (Analysis B3). The timing and magnitude
of these disruptions depend on ice sheet dynamics (Analysis B2).

Characterization of glacier dynamics requires a representation of the
configuration of the glacier at various times in its growth and decay
(Analysis Bl).

Methodologies of Pleistocene stratigraphic investigations have been
thoroughly developed over the past 100 yr (Bowen, 1978). These methods will
be the principal ones applied in all of the analyses of this study component.
Field observations will be documented in accordance with accepted field
mapping procedures {Compton, 1962). Current analytical procedures will be
adequate to complete this study component. Those analytical procedures known
to be required for the glacial geological study component are listed in
Table 8.3.1.5-7. _— -

8.3.1.5.3.3.2.1 Analysis Bl--Specifying glacial configurations.

Glaciers inrluence sea level and atmospheric circuiation; therefore, they are
important in reconstructing paleoclimate. By their sheer size, they impede
and divert the normal airflow and extract moisture by orographic uplift. When
extensive, glaciers modify the drainage system of the region. This analysis
will produce a set of maps to show the magnitude and extent of glaciation in
the Pasco Basin at various times in the late Quaternary to permit estimates of
the effects of such glaciation on the local climatic system.

The information provided by Analysis Bl will be used to respond to
Regulatory Guide 4.17 (NRC, 1985, Section 5.2.1), which solicits information
relevant to the "size (aerial extent and thickness) of any glaciers" and on
"accumulation and ablation rates." The requested documentation of "The
impacts of any glaciers on precipitation regimes and windflow patterns...." is
also to be supplied.
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Table 8.3.1.5-7. Glacial geological analyses procedures

Analysis Analysis Procedure
B1 Specifying glacial Literature search and reference system maintenance; field identification,
configurations trenching, and mapping of glacial deposits; compilation and interpretation

of well logs of wells drifted in flood depasits; radiocarbon dating;
tephrochronologic dating; mapping and interpretation of aeria
photographs and satellite imagery; data synthesis

B2 Defining dynamics of Literature search and reference system maintenance, field identification
glacier movements and maﬁping glacial deposits/features, mapping and interpretation of
aerial photographs and satellite imagery, radiocarbon dating,

tephrochronologic dating, data synthesis

B3 Documenting river Literature search and reference system maintenance, field identification
disruption by glaciers | and mapping of deposits/features, radiocarbon dating, tephrochronologic
dating, mapping and interpretation of aerial photographs and satellite
imagery, data synthesis

B4 Specifying behavior of | Literature search and reference system maintenance, field identification
major glacial floods and mapping of flood deposits/features, radiocarbon dating,
tephrochronoiogic dating, mapping and interpretation of aerial
hotographs and satellite imagery, compilation and interpretation of well
ogs of wells drilling in flood deposits, data synthesis

85 Investigating ground- | Stable isotope analysis, geachemical analysis of groundwater samples
?Ifatﬁr disruption by
cods

PSTEA-2014-3.3,1,5-5

8.3.1.5.3.3.2.2 Analysis B2--Defining dynamics of glacier movements.
Regulatory Guide 4,17 (NRC, 1985, Section 5.2.1) requests an analysis of the
", ..cryospheric aspects of successive climatic regimes, in the context of
determining the magnitude of the ciimatic changes and the rates at which the
changes occurred." As a portion of the forecast of future climatic
fluctuations, the site is responsible for indicating the “future fluctuations
in...[the] cryosphere due to climatic change."

Assessing past glaciations and forecasting future ones require a
comprehensive understanding of glacier dynamics. In Analysis D2, forecasts
will be prepared using a computer model of ice sheet dynamics. The model will
be cailibrated and tested using the geologic record synthesized in Analysis B2.

8.3.1.5.3.3.2.3 Analysis B3--Documenting river disruption by glaciers.
During major glacial events, the Cordilleran Ice Sheet extends downward, far
from its centers of growth in the higher mountains of British Columbia. At
these times, the ice sheet disrupts smaller drainage nefworks and blocks
larger rivers (see Section 5.2). Disruptions could include impounding bodies
of water, changes in discharge, and aggradation or degradation of sediments in
river channels and in alluvial fans at the mouths of rivers. These changes
may accompany each major glaciation the area experiences. This analysis will
document such changes and estimate the influences they would exert on the
hydrologic system, especially the Columbia River and its major tributaries.
An important tributary, the Snake River, was the scene of very large floods
derived from glacial Lake Bonneville. Its discharge was also modified by
glaciation in its headwaters. The effects of such disruptions upon the Pasco
Basin will be considered, and plans for use of this information are provided
in Section 8.3.1.3.
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The ultimate fate of a great deal of the sediment that was transported by
these major floods was deposition in the Pacific Ocean. One focus of
deposition was the Astoria deep sea fan located at the mouth of the Cotumbia
River. Future floods could also lead to sedimentation at this same area. It
would be useful to study the characteristics of flood sedimentation in the
Astoria fan for several reasons. Such sediments may allow the most precise
estimates of the probability, magnitude, number, and timing of past floods.
The record there might extend beyond the floods of the Tast glaciation. This
information would provide a more complete basis for estimation of the
potential for disruption of the repository than would land records alone.
Analysis of these sediments could also provide the basis for estimation of the
fate of nuclear materials that might enter the Columbia River. For these
reasons, the BWIP is considering a separate examination of sediments in the
Astoria fan. This would probably require coring from a ship. A group of
experts will be convened early in the site characterization program to
determine the advisability of such an analysis. If such an analysis is deemed
necessary, future updates to the SCP will reflect this decision.

Regulatory Guide 4.17 (NRC, 1985, Section 5.2.1) requires an analysis of
the "hydrospheric" aspects of the various "successive climatic regimes.”
Analysis B3 will provide one aspect of that information. It will also serve
to define the model of future glaciations that will be needed to forecast such
disruptions.

8.3.1.5.3.3.2.4 Analysis B4--Specifying behavior of major glacial
floods. The Pasco Basin was subject to floods of vast proportions during the
Quaternary. The most recent occurred about 13,000 yr ago (Mullineaux et al.,
1978; see Section 5.2). Floods like these could disrupt the site in the
future, and their possibility must be considered. Forecasting the behavior of
future floods reguires documentation of the nature and effects of previous
floods. This documentation will guide the construction and provide the data
to test the model of future floods (Analysis D3).

B.3.1.5.3.3.2.5 Analysis B5--Investigating groundwater disruption by
floods. Major floods within the Pasco Basin may be of sufficient depth and
duration to produce pressurized recharge of the groundwater system. Vast
volumes of water would be involved. If a slight fraction of the flood water
was introduced into the groundwater system, it might constitute a major
fraction of the total groundwater volume. Such recharge seems possible
because of the fractured nature of the basait near the surface. This basalt
couid become exposed in the early stages of a flood because of the entrainment
of the overlying unconsolidated sediments at the surface; therefore, the
possibility that such recharge has occurred during previous floods must be
investigated. This analysis will be integrated with research described in
Section 8.3.1.3 concerning groundwater disruption by major floods.

Analysis B5 will provide a portion of the information that will be
required for the analysis of "changes in locations of potential aguifer
recharge areas ...." Such an analysis is required by Regulatory Guide 4.17
(NRC, 1985, Section 5.2.1). The information will be used in groundwater
models of the site.
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8.3.1.5.3.3.3 Study Component C: climatic history of
the northeast Pacific Ocean.

Climatic variability in the Pasco Basin is influenced by variations in
oceanographic conditions. Additional information about the variability of sea
surface temperatures off the coast of Washington State over space and time is
required (see Section 5.2.1.3). This study component includes the analyses
needed to characterize that variability.

Atmospheric variations are estimated using atmospheric general
circulation models for climatic forecasts. Results of glacial and oceanic
reconstructions provide the boundary conditions necessary to run the models.
The results of the analyses that use atmospheric general circulation models
will be tested against the paleobiotic-based reconstructions for the region.
Thus, the analyses of Section 8.3.1.5.2 form a single coherent and integrated

characterization of paleoclimate.

The results from atmospheric general circulation model runs are required
as input to the local climate model (Analysis D1). Another necessary boundary
condition for the local climate model is the sea surface temperature pattern.
Understanding the oceanic conditions is required for global and local climate
forecasts. The climatic patterns will be characterized from deep-sea cores
and the faunal record preserved in the ocean sediments.

Information derived from oceanographic studies must be integrated with
local paleoclimatic reconstructions, and the consistency of the two must be
tested. For this reason, both the ocean and land records must be
reconstructed at the same time horizons, Those horizons will be recognized

using common stratigraphic controls and mutually acceptable dating
methodologies. Thus, the efforts of these two study groups must be integrated
carefully. '

The two analyses included in this study component are as follows:
e Cl--Reconstructing Quaternary sea surface temperature histories.

e (2--Reconstructing sea surface temperature patterns at selected
times.

Characterization of oceanographic patterns (Analysis C2) will use cores
taken in the northeast Pacific Ocean bordering the coasts of QOregon,
Washington, and southern British Columbia. Abundance of key planktonic taxa
will be measured to allow estimates of paleo sea surface temperatures. Such
an approach has been applied in the northeast Pacific Ocean by Moore et al.
(1980) and Moore (1973). Additional work has been done in the north-central
Pacific Ocean by Sachs (1973).

Analysis C1 will examine the variability of sea surface temperature at

one place over a long timespan. In this way, an estimate of the long-term
variability of the northeast Pacific Ocean can be obtained. This will form
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the basis of estimates of the probability of various climatic states. Such an
estimate is needed since the BWIP must consider any (unanticipated) ciimatic
states with probability greater than 0.0000% over the next 10,000 yr (see
glossary). The correlation between long-term variability of the northeast
Pacific Ocean and giobal controls on climatic change (e.g., solar insolation)
will be measured to determine if predictions of the climatic state of the area
are feasible and the amount of error inherent in such predictions.

Paleo-oceanographic techniques have been developed to a high level of
sophistication over the past three decades. The methods generalily invoive
analysis of fossil fauna preserved in the oceanic sediments and retrieved
using piston coring procedures. Analysis of the faunal assemblages uses
quantitative statistical methods. Interpretations are based on the known
controls on the oceanographic characteristics of an area and the regional
setting. These concepts have recently been reviewed in detail by Ruddiman
(1985). Technical procedures that will be defined for Analyses Cl and C2 are
listed in Table 8.3.1.5-8.

8.3.1.5.3.3.3.1 Analysis Cl--Reconstructing Quaternary sea surface
temperature histories. A major factor controlling giobal climate change is
the quasicyclic variation in the orbital parameters of the earth. The
importance and phase relations in this change vary at least latitudinally.
Since it has not been explicitly studied, it is not clear to what extent the
changes in the Pacific Northwest correlate with this global influence.
Analysis Cl will determine the history of climatic fluctuations 1in the oceanic
area adjacent to the Washington coast and will examine the retlations between
the oceanic changes and the various proposed controls on long-term climatic
changes. One of the sediment cores used in Analysis C2 will also be used for
this analysis.

Table 8.3.1.5-8. Paleo-oceanographic analysis

procedures
Analysis
Procedure —————
C1 cz
Selection of oceanic sediment cores X X
Transfer and storage of sediment cores X X
Sampling of oceanic sediment cores X X
Analysis of oceanic sediment core data X
Isotope analysis X
Radiocarbon dating X
Tephrochronclogic dating X
Fossil identification X
Construction of transfer functions X X
Spectral analysis of core data X
Peer review X X
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The results of this analysis will address the NRC request (NRC, 1985,
Section 5.2.1) for "...an analysis of the...hydrospheric,..aspects of
successive climatic regimes, in the context of determining the magnitude of
the climatic changes and the rates at which the changes occurred.” The
information will provide a measure of the predictability of global climate
change using models described in the global climate change study component
(Analysis E1). This will provide the most direct tool available to estimate
the probability of different climatic states in the next 100,000 yr as
required to satisfy 10 CFR 960.4-2-4(b}(1) (DOE, 1987).

Paleo sea surface temperature estimates will be made from fossil plankton
assemblages using available core. These sea surface temperature records will
be subject to a spectral analysis to determine the strength of the
Milankovitch signal and & cross spectral analysis to determine the coherence
with that signal.

8.3.1.5.3.3.3.2 Analysis C2--Reconstructing sea surface temperature
patterns at selected times. Considerable evidence is available that
demonstrates the importance of sea surface temperatures in the Pacific Ocean
to climate in the western U.S. (Rogers, 1976; Barnett, 1981; Walsh and
Richman, 1981; Sheaffer and Reiter, 1985). This is discussed in more detail
in Section 5.2. A factor influencing the local climate of the Pasco Basin,
especially the precipitation regime, is the amount of precipitable water
available. This depends, in part, on the rate of evaperation from the ocean
surface, which is a function of sea surface temperatures. To understand the
] local climate, and especially how the climate may have changed during the
o T Quaternary, the record of the sea surface temperatures of the northeast
Pacific Ocean must be known. Knowledge of the 1ink between the two will be a
fundamental part of the information required to construct and test predictive
models of local climate (Analysis Dl). Sea surface temperature spatial
patterns will be estimated in the northeast Pacific Ocean at specific time
periods during the late Quaternary corresponding to the same periods studied
for continental paleoclimate reconstructions (Analyses Al through A8). The
oceanographic information will form a boundary condition for the local ciimate
modei. The results of the model will be tested against the actual
paleoclimatic record summarized in Analysis A8,

5n273

-

1

9 21 25

Information reguired for this analysis will be taken from cores of ocean
sediments in the northeast Pacific Ocean. It is believed that existing cores
can provide the needed data. Locations of some of the existing cores that
have been used for paleoclimatic reconstructions have been shown in
Section 5.2.

8.3.1.5.3.4 Application of results of investigation

Results from the analyses previously described will indicate the range of
climates that the geohydrologic system has experienced. Scenarios defining
the different distributions and amounts of recharge during the Quaternary will
be provided to the groundwater models. Modeling with these parameters will
reveal whether radionuclide releases at the repository are within acceptable
limits under each of these configurations. Paleociimate analyses will also
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provide input to tectonic and geomorphic models (see Section 8.3.1.2).
Another application will be to the ability of the climatic models

(Analysis D1) to reproduce the climates documented for the Quaternary. This
will be a critical validation tool to test (Si1ling, 1983) the models before
they are used for forecasting future climates.

These applications will be supported by the final analysis of the local
paleoclimatic study component (Analysis A8). That analysis is the end product
of all of the anaiyses Tisted in that study component. Reconstruction of the
climates {Analysis A8) will be based on the data from Analyses A4 through A7.
These data will be interpreted with the aid of transfer functions
(Analysis A3). The transfer functions require the definition of a standard
climate (Analysis A2). The standard climate will also form a scenario for
groundwater models of the present hydrologic system. A1l of the work will
proceed within the context of the existing Titerature and will be guided by
the known information (Analysis Al).

Each of the analyses for reconstruction of glacial histories (Analyses Bl
through B5) will support subsequent study components in the study. In
addition, each analysis will result in information that supports other
activities in the climatology program.

e Analysis Bl will provide information needed to support the climatic
modeling with the local climate (Analysis D1) and global atmospheric
models (Analysis E3).

e Analysis B2 will provide information needed fo test the model of
glacial dynamics (Analysis D2) and forms a portion of the modeling
system for future climatic forecasts.

e Analyses B3 and B4 will provide data needed to test and calibrate
the model of flood dynamics (Analysis D3), which will be used to
forecast such events in the future.

o Analysis B5 will provide input to the hydrologic modeling to
evaluate the effects of major floods on the groundwater system.

Analyses that are part of the paleo-oceancgraphic study component will
result in an understanding of the climatic history of the northeast Pacific
Ocean that is sufficient to decipher the mechanisms of climatic change at the
Hanford Site. Results will be input to the local climatic forecast model (see
Section 8.3.1.5.4.3.1) and will set the boundary conditions. Predictions made
with the local climatic model using the oceanographic reconstructions will be
compared to the actual reconstructed climate at the Hanford Site. This will
provide a validation test of the local climatic model before it is empioyed
for forecasts of the future climate.
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8.3.1.5.3.5 Schedules and milestones for
investigation

The following eight major reports will be produced from the local
paleoclimates study components:

1. Summary of the available Titerature and a synthesis of the resulting
paleoclimatic reconstructions (Analysis Al).

2. Definition of climatic variations over the past 500 yr and average
¢limatic conditions during the same period (Analysis A2).

3. Transfer functions to be applied to the paleoclimatic indicator data
(Analysis A3).

4. Pollen spectra retrieved and their analyses (Analysis A4).
5. Diatom analyses performed (Analysis A5).

6. Lake leval fluctuation information retrieved and interpreted
{Analysis A8).

7. Reconstruction of paleo wind patterns using eolian deposits
(Analysis A7).

8. Summary statement of the paleoclimatic reconstructions themselves
(Analysis AB).

The first three analyses (Bl through B3) of the glaciologic study
component will result in a sequence of maps that illustrates the
configurations of the glacier margins, dynamic paths followed by the ice, and
resulfing drainage system in effect at each of the time horizons chosen for
analysis. The dynamic behavior of a typical Missoula flood (Analysis B4) will
be described by a set of maps illustrating the flow paths, flow velocities and
discharges, and water surface elevations that would typify major stages in a
single flood event. The last analysis (B5) will be summarized in a report
that describes the depth and duration of flood waters, characteristics of the
overburden, amount of fracturing of the basalts, and probable maximum and
minimum recharge 1ikely to occur in various stages of a typical Missoula
flood.

Generally, each of the paleoclimate analyses may proceed independentiy.
However, there exist certain critical relationships that must be satisfied.
A complete description of the schedule of work is provided in the following
paragraphs.

Figure 8.3.1.5-5 shows the schedule and selected milestones for the past
climatic change investigation. Early in the fourth year of the investigation
the scope of most of the analyses will be reevaluated based on the results of
sensitivity analyses of the groundwater system's response to climate change.
Any changes in study scope will be reported in future updates to this chapter.
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7 1 STANDARD CLIMATE DEFINED.
v 2 EVALUATION OF STUDY SCOPE BASED ON SENSITIVITY ANALYSIS.

v 3 INFORMATION ONCLIMATE CONSTRUCTION USING POLLEN, LAKES, GLACIERS, AND OCEAN SEOIMENTS
PROVIDED TO THE FUTURE CLIMATIC CHANGE INVESTIGATION.

7 4 FINALCLIMATE RECONSTRUCTION OF 3,000-YRINTERVALS PROVIDED TO THE FUTURE CLIMATIC
CHANGE INVESTIGATION.

v 5 COMPLETE PAST CLIMATH CHANGE INVESTIGATION.

Figure 8.3.1.5-5.
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Schedule and selected milestones of the past climatic change investigation.
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For most study components the first year will be spent investigating methods
and implementing quality assurance procedures.

A synthesis of the existing paleoclimate information (Analysis Al) will
comprise a significant portion of the entire data base available for the
paleocliimate characterization effort. It will form an important guide for on-
going analyses and the definition of gaps in the existing data base. Because
the Jiterature is extensive and growing, effort must begin early and continue
throughout the research program. The work will start in the first year of
study: however, it will be the most extensive in the second year of study and
will continue at least through the end of the site characterization.

The primary and most useful form of results from these analyses will be
the computerized reference system. A written report, summarizing current
knowledge of paleoclimates, will be produced at the end of the second study
year. Subsequent updates will be preduced annually.

Analysis A2 will require 2 yr for compietion. The calculations of poiien
and climate transfer functions (Analysis A3) and reconstruction of paleo-
climates (Analysis A8) cannot be completed until the results of Analysis A2
are available. Analysis A2 will be completed in the third year so the other
two can be compieted on time.

Appropriate personnel for Analysis A2 will be determined in the initial
year of study. Also, the statistics of climatic stations and tests for
consistency will be summarized by the end of the first year. Similarly, the
statistics of the dendroclimatic reconstructions will be summarized and
analyzed for consistency by the end of the second year. Synthesis of the
dendroclimatic and climatic station data will be completed by the middle of
the third year. Construction of a statistical medel of the climate for the
past 500 yr will be completed late in the third year. The results of the
statistical climate model will be integrated with the hydrologic analyses in
the following year.

Results of Analysis A3 must be complete before the climatic reconstruc-
tions of Analysis A9 can be completed. Therefore, the lakes to be sampied
will be defined and a preliminary survey will be made by the middle of the
second year of study. Early planning of the coordinated work and actual
collection of lake cores and samples will be completed by the end of the
following year. This will allow calculation of transfer functions and peer
review of the results by the end of the fourth year of study.

Testing and refinement of the transfer functions will be completed by the
middle of the fourth year. Such refinements will be limited to statistically
acceptable methods within the limits of the data set chosen for mode
development. These final transfer functions will be applied to the polien
data from the long cores by the end of the fifth year. Applying the transfer
functions to the longcores will allow the paleoclimate reconstructions
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(Analysis A8) to be completed by the middle of the sixth year. Testing of the
local climatic model (Analysis D1) using the results of these paleoclimatic
studies will be completed by the end of the seventh year. Forecasts of future
climate will be completed by the end of the following year.

Selection of the most appropriate lakes from which to obtain cores will
begin in the first year. Cores from only three lakes will be analyzed
(because expense and time required are prohibitive), which necessitates a
careful survey and screening of potential coring sites. Peer review of the
site selection procedure will precede actual coring operations. Coring of the
lakes will begin in the second year and be completed in the following year.

To ensure the timely completion of the pollen collection and analysis,
separate study groups will operate independently at the different lakes. This
will faciiitate internal testing of the results to ensure that the highest
data quality is achieved.

Early completion of Analysis A4 is required to allow sufficient time for
pollen analysis and paleoclimate reconstructions. These will be completed by
the middle of the fifth year to provide resuits with which to test the
accuracy of the climatic forecast model (Analysis D1) before it is used for
future climate forecasts.

Preliminary literature surveys for Analysis A5 will be conducted in the
second year to determine which methods and classes of limnic organism will
yield an acceptable supporting data set. If a suitable source and methods are
identified, which will allow independent reconstructions for the Columbia
Plateau, preliminary assay of the core-top samples used to construct the
pollen and climate transfer functions (Analysis A3) will be completed during
the next year. This assay will be used to confirm the selection of the most
appropriate methods and data source to apply to the long cores. Splits of the
Tong-core samples will be analyzed by the middie of the fourth year of study,
and the interpreted paleociimates will be summarized by the end of the
following year.

Preliminary determination of the various nonbiotic climatic indicators
appropriate for Anaiysis A6 will be completed in the second year. A report
will be prepared stipulating which chemical and mineralogical analyses are
most appropriate to reconstructing hydrologic conditions; then a peer review
of the decisions will be conducted. Selection of lakes to be cored will also
be done in the same year in conjunction with the planning of Analysis A4.
Lake cores and sampies will be colliected during the third year. The chosen
nonbiotic analyses will be completed about 2 yr later. Interpretation of
results in coliaboration with the work of Analysis A8 will be completed by the
end of the sixth study year. The resuits of this analysis will be
incorporated in the general paleobiotic reconstructions by the end of the
following year. This will ensure that the results will be available for use
in groundwater models by the end of the eighth year of study.

Analysis A7 will begin with a review of available information. Field
work to collect windflow indicators from availabie eolian deposits in the
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Pacific Northwest will occur in the third and fourth years. This work will be
summarized in a form compatible with the general reconstructions and will be
reviewed in the fifth study year.

Consistent and comprehensive paleoclimate reconstructions (Analysis A8)
will be ensured by a working group of five to eight qualified researchers.
Preliminary arrangements have already been made to collaborate with
appropriate scientists that are conducting ongoing paleoclimatic studies.
Members will be chosen in the second study year, and the first organizational
meeting will be held then.

The purpose of early meetings in the third year will be to review sites
chosen for data collection, review, and comment on the interpretation of
existing data, establish uniform means of data transfer, and select approaches
to the development of polien-climate transfer functions.

As work progresses, meetings will concentrate on review of the results of
new data collected and preliminary interpretations of those data. The working
group will also define contingency plans for the paleoclimatic reconstruc-
tions, as needed. Actual synthesis of the interpretations to produce the
climatic characterizations for each time period will be conducted in the fifth
and sixth years.

Review and testing of the paleoclimatology characterization will be a
reqular and ongoing study component of the total study and will continue
through the study. As milestones are reached, results of individual analyses
(or significant portions of analyses) will be made available, and the advisory
panel will assign peer review tasks to appropriate persons. This will draw on
the expertise of the broadest possible range of active researchers. The
review process will closely parallel that of a research journal.

The entire advisory panel will meet at 6-mo intervals to evaluate the
overall progress in the research. At these meetings particular problems will
be identified, and remedial actions will be defined. The meetings wiil also
serve to ensure integration between this study component and other aspects of
the study of climate change.

Field work planning for Analysis Bl is to be completed by the second
year. The field work and a summary of the existing literature will be
complete 2 yr later. This will allow a synthesis of new and existing
information to be completed by the fifth study year. By the end of the
following year, the resulting information will be incorporated into the
modeling program.

Analysis B2 will begin with planning of field work and meetings of
glacier dynamics experts to define methodology. Two years later, the
Titerature review and field work will be completed. A synthesis of the
available data and a summary of maps produced will be available for expert
review in the fifth study year. The computer model (Analysis D2) will be
calibrated and tested in the same year.
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Analysis B3 will begin with organization of the field investigations,
including the preliminary selection of the sites to be visited in the field.
Work that will be completed during the following year will consist of
compilation of the needed maps, photos, and images; literature review and
synthesis; and field work. The available data will be interpreted, maps will
be produced, and the results will be summarized and reviewed during the fourth
year.

Analysis B4 consists of specifying behavior of major glacial floods.
Sites to be examined and methodologies to be employed will be identified in
the second year. A literature review and summary will be compieted in the
following year. Field work will also be completed then. By the middie of the
sixth year, new observations will be integrated with existing information, and
the resuits will be summarized as a set of maps. Review of these results will
be completed by the end of the same year.

Initial consideration of the proper analytical tools to apply to
Analysis B5 will be conducted in consultation with a group of experts on
hydrologic studies in the second year. If methods can be defined and if there
is a consensus that the problem shouid be more completely studied, actual
analytical techniques will be determined during the following year.

Analysis Cl is scheduled to begin with a review of existing core data,
selection of cores, and a decision on the need for additional cores. Cores
chosen will be analyzed by the end of the fourth year. Statistical analysis
of the results of these analyses and comparisons to the orbital record will be
completed in the sixth year.

Analysis C2 will be completed in the following manner. By the end of the
second year, deep-sea cores will be reviewed and selected, and a decision made
on the need for additional cores. These cores will be obtained and analyzed
in the following 2 yr. The sea surface temperature reconstructions will be
completed, and the results will be reviewed by the end of the fifth year of
study.

8.3.1.5.4 Future climatic change investigation

This section provides a more detailed discussion of the analyses intended
for future climate forecasts. It includes a discussion of the relation of
these analyses to the issues identified in Section 8.2 related to climate
change, discussion of possible future climate changes and their impacts upon
the site, and the explanation of how site characterization will resolve the
jssues involiving future climate changes.

This investigation will consist of one study having two study components.

The first study component will consist of models of the local climatic
variability within the region surrounding the Hanford Site repository. It
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will consist of three separate analyses. The second study component will
consider the global climatic controls upon the local variations in the next
100,000 yr and will emphasize the characterization of the next 10,000 yr. It
will also consist of three separate analyses.

Three analyses will be done in support of the study component to model
the variations in local climate within the region surrounding the Hanford
Site. The first of these analyses will examine in detail the local climate
variability itself. This analysis will produce a model to describe variations
in temperature, precipitation, and windflow regimes within the immediate
vicinity of the repository. The temporal and spatial resolution of model
output will be defined by the needs of the groundwater studies and validation
exercises. The second analysis will provide a model of growth of glaciers and
jce sheets within the Pacific Northwest. These glaciers and ice sheets could
directly impact the repository site or could lead to indirect impacts on that
site. The third analysis will examine in detail one of these specific impacts
of growth of ice sheets. This is the resultant floods that are derived from
glacially impounded lakes. Such floods will be modeled in sufficient detail
to describe the dynamic nature of flood waters within the Pasco Basin in order
to estimate the impacts of these flood waters on the groundwater regime and on
erosion and deposition within that area.

The second study component within this study will concentrate on
estimation of the global climatic controls on local climatic variability
within the Pacific Northwest. It is anticipated that a number of global
climatic changes will occur over the next 100,000 yr that could impact the
stability of the repository. In order to predict the timing and probability
of these events in a matter that is consistent from site to site, the DOE has
separately commissioned the study component of the giobal climatic changes.
Three separate model procedures will be developed in order to estimate the
timing and the magnitude of global climatic changes. The first analysis will
consider a set of global drivers that describes the timing and probability of
events on a very crude scale. The second analysis will consider the details
of ice sheet growth on a global basis that can impact a global climatic
system. The third analysis will make use of the boundary conditions provided
by the other two global models in order to estimate in greater detail the
regional climatic response to this global change. That regional response
(i.e., data of cells from the global model that include the Pacific Northwest)
will provide a set of boundary conditions that can be emplioyed by the local
climatic modeis to estimate the impact of ciimatic change on the repository
itself. Each of these models is described in greater detail below.

8.3.1.5.4.1 Purpose and objectives

The purpose and objectives of this section are to project climatic
variability into the future based on past and modern climatological
conditions.

Predictions of future climate and certain climate-related conditions are

planned to provide input information to studies that predict travel of
radionuclides in groundwater, which in turn must demonstrate acceptable
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exposure 1imits at the accessible environment. Six analyses will be required
to forecast future climate of the Hanford Site and characterize the effects of
changes of climate (Fig. 8.3.1.5-6). Three of the analyses were started in

FY 1986 to ensure that the results would be available to meet the BWIP
requirements.

8.3.1.5.4.2 Rationale for investigation

Analyses included in this section will create new and utilize existing
mathematical and numerical models and the corresponding computer programs to
allow forecasts of the future climate of the Pasco Basin and Columbia Plateau.
Six distinct models are required for this purpose. They can be divided into
two classes: (1) those for direct forecasts of local phenomena and (2) those
for global controlling phenomena.

The first class comprises three models. The first model is of the local
climate of the area and will be used for immediate application to the
characterization of the stability of the Hanford Site (Anatysis D1).

A second, numerical model will represent variations in the cryosphere,
especially the size of the Cordilleran Ice Sheet (Analysis D2). Both of these
models will be linked to the forecasts of global climate change (Analyses El,
E2, and E3). The third model will define the characteristics of future
catastrophic floods derived from glacially related lakes (Analysis D3). This
mode? will be linked to the models of local climate (Analysis D1) and
glaciation (Analysis D2).

The second class of models comprises three models for forecasting global
components of the climate system that influence local climate: (1) the
general status of the gleobal cTimate over the next 100,000 yr will be
determined from the driver model, which will consider factors such as the
influence of changes in the orbital parameters of the earth on the global ice
configurations (Analysis E1); (2) a two-dimensional, dynamic model of ice
dynamics, coupled to an energy balance model, will provide an estimate of the
global configuration of ice sheets at regular intervals in the next 100,000 yr
(Analysis E2); and (3) an atmospheric general circulation model will forecast
broader regional changes within the global context (Analysis E3). The
behavior of oceanic circulation systems, and the correlative changes in sea
surface temperatures, will be coupled in the atmospheric general circulation
model.

These model analyses differ from the study components of the past
climatic change investigation (Section 8.3.1.5.2.3) because they are
specifically designed to produce forecasts of the future climate of the area.
The analyses that are required to characterize the future climates of the area
are grouped into a single study. Even the cursory description provided in the
previous paragraphs highlights the interdependence of these various analyses.
This interdependence is {liustrated in Figure 8.3.1.5-3.
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Figure 8.3.1.5-6. Work requirements
and analyses included in the fore-
casts of future climates.
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The key item in models of future climatic variations is the local
climatic model (Analysis D1). Analysis D1 will characterize future climates
directly. Results of analysis D1 will also be used to specify the bounding
scenarios to allow modeling of future groundwater systems. Results of the
local climate model will be used to specify external controls on the growth of
the Cordilleran Ice Sheet at its southern margin (Analysis D2). Ice sheet
growth will control the extent of isostatic effects of the glacier (on the
regional stress field) and will control the timing and magnitude of glacially
derived catastrophic floods (Analysis D3).

Before the local climatic model can be used for forecasts, it must be
linked to the more global descriptions of climatic change (Analyses El, E2,
and E3). The gquality and reliability of the local climatic model must be
tested by its ability to reconstruct the modern climate as well as the
paleoclimate record. Thus, the need to test the Jocal climate model
(Analysis D1) strongly controls the timing of the other studies.

8.3.1.5.4.3 Description of future climate change study

The following sections provide a more detailed discussion of the analyses
that are included in the study of future climate change. Three analyses are
included in each of the two study components. The descriptions that foliow
are not intended to be a comprehensive discussion of the analytical procedures
that will be followed. Rather, they are intended to describe general details
sufficient for someone versed in the methodology to understand the intended
procedures. Exact details of each of these analyses are provided in the study
plans as a separate document.

In this section the terms model, mathematical model, numerical model,
computer code, verification, and validation are used in the sense of
NUREG-0856 (Si11ing, 1983).

8.3.1.5.4.3.1 Study Component D: future Jocal climatic change.

8.3.1.5.4.3.1.1 Analysis Dl--Construction a local climate model. The
central focus of the entire future climate study is to provide estimates of
the characteristics of future climatic regimes at the proposed repository
site. This analysis will result in a computer-based model that is expected to
describe the climate of the area at a set of points equally spaced over the
region of interest (at least the Columbia Plateau gechydrologic system).
These forecast values will consist of the temperature, precipitation,
evapotranspiration, windflow patterns, and runoff. Runoff will be
characterized in such a way that streamfliow in the area will also be
estimated. Information provided in this analysis will be used to specify
bounding conditions on recharge to the regional groundwater system for use in
sensitivity analyses, as described in Section 8.3.1.3.

The information provided by Analysis Dl will include estimates of the
long-term characteristics of climate that will satisfy Regulatory Guide 4.17
(NRC, 1985, Section 5.2.2, Items 1 and 2). This will include these required
estimates of the "potential maximum and minimum changes and rates of change in
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precipitation and air temperature from the present time" and "potential
regional windflow and precipitation patterns that may evolve in the future as
a result of climatic and geologic changes."

Limitations and alternatives to this approach (a statistical model) have
been described in Chapter 5 and are summarized here. Before the resuits of
using the Tocal climate model can be defended as a reasonable forecast of
future climate, it is necessary to subject the model, and model results, to a
careful and thorough scrutiny. From such an assessment, quantitative measures
of the accuracy and precision of the model will be produced. Based upon the
results of tests of the model as well as theoretical arguments, specific
situations in which the climate 'extrapolations' are weak or unreliable will
be identified. The availability of this information will satisfy the
Regulatory Guide 4.17 (NRC, 1985, Section 5.2.2) guideiines for evaluation of
the capabilities of the models used.

The BWIP is currently considering alternative approaches to the method of
estimating Tocal climate change (Analysis Dl). Two different types of
modeling methods are known and are being considered: (1) statistical
relations (Craig and Roberts, 1984; Kiein, 1985), and (2) physical principies
(Pielke, 1984). Both methods will be investigated for the most appropriate
application for climate change on the Hanford Site. Some characteristics of
each of these model types were discussed in Section 5.2. Presently the BWIP
will proceed with the statistical approach, and the discussion that follows is
based on that assumption. If that changes, other study plans will be
affected. It is expected that the BWIP will convene a meeting of expertis on
such modeling during the first year of the study to fully consider the range
of modeling approaches that are possible and the strengths and 1imitations of
each. If another model method is considered more appropriate, future SCP
updates will reflect the different model approach.

Disadvantages of the use of a model based upon physical principles are
discussed next. A wide range of such models exist (Section 5.2). The most
sophisticated of these are the primitive equation mesoscale models. It is
assumed by the BWIP that, of the physically based models, these represent the
ones most Tikely to succeed in the studies that are required for site
characterization. Thus, the comparative evaluation is confined to a
consideration of the potential value of these models with respect to
statistically based modeis.

Mesoscale models are relatively new and are currently under extensive
development at a number of research institutions (Pielke, 1984). Al1 existing
models are designed to model meteorologic phenomena, such as individual
storms. Typical integration times are several days and the useful skill of
such models is confined to such short periods. They are not currently
designed to, nor used to, simulate "climate." No example of such a simulation
of modern climate that has ben tested against a real situation is known to the
BWIP. One, untested, example of simulation of a simple modern climate
scenario is given by Pielke (1984). Thus, to make use of such models would
requira appiication in an assentially untested field that is expected to
requia?Pa number of years of effort, which would not be of direct benefit to
the BWIP.

8.3.1.5-59



9

CONSULTATION DRAFT

As would be expected, since the mesoscale models are not generally used
for study of climatologic probiems, there is no experience with their
application to the study of paleoclimates. It appears impractical and 11
advised to undertake such an application until such time as mesoscale models
can be shown to regularly produce successful forecasts of modern cliimate.

Even when that has been achieved, it must be assumed that several years of
application to paleoclimatologic problems would be required before it would be
reascnable to conclude that they can be expected to be successful at that on a
regular basis. Only at that time could application to forecasting even short-
term (100 yr) climatic changes be undertaken on any but a purely experimental
basis.

Mesoscale modelis are extremely expensive to solve. They are
computationally intensive programs that usually require the use of a “super-
computer" such as a CRAY or a CYBER. Thus, experimentation, development, and
final application require considerable time and resources. [t is difficult to
speed the research. For this reason, it is not anticipated that the required
development and validation can be achieved in time to satisfy the programmatic
needs of site characterization.

Mesoscale models are not, at present, complete representations of the
physical processes. Certain processes are represented within the model by
parameterization. This commonly involves the estimation of parameters values
from empirical data using statistical methods. Thus, the same Timitations of
statistical models as discussed earlier may apply to these models. Processes
that are parameterized within mesoscale models inciude two that are very
important to the BWIP site characterization: precipitation and evaporation.
Accumuiation of snow may not be represented at all, depending on the model
chosen; if it is, it will be parameterized. Whether the parameterizations of
a given model could be useful to the BWIP site characterization wouid have to
be investigated on a model-by-model basis and such validation could be
prohibitive.

Mesoscale model grid resolution is generally too coarse for application
to site characterization. It is expected that resolution of a few kilometers
may be needed. This reselution is not available on most, if not alt,
mesoscale models without violation of an important modeling assumption (the
hydrostatic assumption). There is insufficient experience with the use of
such models at very fine resolution to warrant their use at fine grid scales
without extensive testing. In regions of high relief, such as the Cascade
Mountains, and where corrective atmospheric motions are strong (such as the
Columbia Plateau), the hydrostatic assumption can be a poor approximation to
the real atmosphere.

No mesoscale model has yet been applied to the description of weather (or
climate) along the edge of an ice sheet. An ice sheet is expected to be
within the area of concern during the next 100,000 yr. To describe the
relevant processes would require new parameterizations, and the available data
base for this is extremely 1imited (as was pointed out in the discussion of
problems with the use of a statistical procedure). To develop, validate, and
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apply such a computational procedure would require considerably more
computational resources than using a statistical method. For these reasons, a
mesoscale model is not considered desirable for the BWIP site
characterization.

At the present time a feasibility study is being undertaken by the NNWSI
and the BWIP will keep informed about the results of such a study and will
reassess the program when those results are available.

The local climatic model (Analysis D1) will be an empirically based set
of regression equations that relate variables (independent) describing
regional controls on climate with the variables (dependent) representing the
climate (mean temperature and precipitation, and possibly other variables}.
The independent variables will be limited to those that can be reconstructed
from the geologic record or predicted from global models using currently
available techniques (e.g., topography, sea surface temperatures, and dominant
wind velocities).

Variables derived from these basic data will also be considered.
Examples of these derived variables include distances to topographic highs and
lows, changes in elevation along a dominant wind direction, and variations in
coastal configuration due to sea level changes.

Multivariate regression procedures will be used to parameterize the
equations from modern climate data (standard climate). Computer codes will be
constructed to apply the resulting equations to the entire Columbia Plateau.
This will allow testing the equations over a broad range of observed climatic
conditions.

Some difficulties and 1imitations of the regression approach include the
following. Such a model can only be expected to be accurate for the same
range of independent variables from which the model was originally developed.
It may retain its accuracy over a larger range of independent variables;
however, when the input parameters fall outside of the range of the data used
to construct the model, nonlinear effects can cause the regression estimate to
be in serious error. To ascertain whether such nonlinear effects actualiy
occur, it is important to test the goodness of fit of the model against
independent data sets that represent a greater range of independent variables
than were used to construct the equations. Ideally, these tests would cover
the entire range of independent variables over which the equations will be
applied for forecasts. In this case the difficulties of nonlinear effects can
be shown to not influence the answers obtained. For this reason, extensive
testing of the local climate model against independent paleoclimatic
reconstructions is important.

If the local climate model can be certified to produce acceptably
accurate estimates of modern climate, it will be applied for reconstructions
of paleoclimates. A very extensive set of tests will be conducted, because
the ability to reconstruct paleoclimates forms the basis for extrapolation to
future climate. Although tests, per se, are not possibie relative to future
climates, the reasonabieness of the forecasts will be reviewed by scientists
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having the appropriate expertise. To ensure that the local climate model
extrapolations are reasonably constrained, the parameters will be examined
over a range considered likely to occur in the next 100,000 yr, based upon the
record of the Quaternary and expected fluctuations in driving factors.

In addition to standard statistical evaluations, tests of the local
climate model will consider its ability to reproduce climatic and
paleoctimatic observations as well as certain derived variables, including
runoff, streamflow, lakes, glaciers, and vegetation patterns. The tests will
cover the range of values typical of the late Quaternary.

8.3.1.5.4.3.1.2 Analysis D2--Simulating the growth of glaciers. During
major ciimatic fluctuations throughout the Quaternary, extensive ice sheets
developed over nearly all of British Columbia. At the peak of glaciation,
these ice sheets extended into the northern part of Washington. Such ice
sheets may have had an effect on the local climate of the Pasco Basin,
including changes in the precipitation, temperature, windflow speeds and
directions, and the surface hydrology of the system. Even more dramatic
effects came during the abnormally large floods (exceeding the 1,000-yr return
period flood), which resulted from the failure of jce dams. Large volumes of
water were released that had been held in proglacial lakes, such as Lake
Missoula. At least one major flood passed down the Snake River due to
overfiow from glacial-age Lake Bonnevilie.

Simulating the growth and decay of glaciers is also important from a
tectonic and geomorphic standpoint. For example, isostatic depression and
forebulging associated with jce advance and retreat could increase fracturing
and (or) seismicity in the area of the repository (this problem is discussed
in greater detail in Section 8.3.1.2). Another adverse scenario is proglacial
aggradation during ice retreat that could deposit outwash plains in the Pasco
Basin leading to the diversion of the Columbia River into the Cold Creek
syncline.

These are not isolated events, but are all manifestations of the
important influences that glaciation can exert on the region. Future glacial
events can be expected to reproduce these same phenomena. It is quite Tikely
that such glaciation will occur, perhaps more than once in the next
100,000 yr. Thus, it is essential that the influences of such glaciations be
accurately described and forecast. The purpose of this analysis is to produce
& numerical computer model of glacier dynamics that will accurately represent
the characteristics of glaciation in the region. This will allow an
assessment of extreme future limits of glaciation by the Cordilleran Ice Sheet
and its significance. The glaciation model will directly forecast certain of
the glacially related phenomena and provide input to another model that will
consider the more indirect effects of floods.

The glaciation model (Analysis D2) will provide the basis for estimates
of the long-term "fluctuations in...[the] cryosphere due to climatic changes."
Such estimates are requested by Regulatory Guide 4.17 (NRC, 1985,

Section 5.2.2, Item 4). Results of this model will aiso contribute to the
estimates of the "severity of glacial regimes in the site area" as are
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requested to satisfy Regulatory Guide 4.17 (NRC, 1985, Section 5.2.2, Item 3).
The information about glacier configurations at various stages during glacier
growth will be used as input to the general circulation model studies
described in Analysis E2 below.

Ice dynamics within the Cordilleran Ice Sheet (Analysis D2) will be
modeled using at least a two-dimensional (spatial dimensions) mathematical
model based on the general flow law for ice. These equations will be
supplemented by the equation of continuity for unsteady flow. S1iding at the
base will be represented using previously developed relations with basal shear
stress and roughness as summarized by Paterson (1981l). The possibility of
surging will also be represented (McInnes et al., 1985).

Thermodynamic variations may be modeled, as will changes in ice density
(Jenssen, 1977). A three-dimensional mathematical model (Grigoryan et al.,
1976) will be applied if preliminary assessment determines that it is
necessary. Finite difference procedures will be used to obtain a numerical
approximation of the solutions. Discretization and solution methods will
closely parallel those used for the modeling of glacially derived floods.

Since the exact form of the equations to be appiied has not been
estabiished, it is not possible to state the assumptions involved in the ice
flow model. Regardless of the exact form, it must be assumed that the general
form of the flow law is correct (Glen, 1955). The flow parameter, A, is known
to vary with temperature, crystal size, crystal orientation, and content of
impurities. Because this dependence cannot be parameterized, it will be
assumed that the influence of these factors will be represented by the mean
value of the parameter used (Paterson, 1981). Estimates of the flow parameter
will include the influence of hydrostatic pressure. Its dependence on the
activation energy may _not be represented if the form of the relation cannot be
specified.

It will also be assumed that the strain rate is related to the stress
deviator components through a constant of proportionality, lambda. This
assumption is only approximately true as lambda is known to be a function of
position in the glacier (Paterson, 1981). Additional assumptions 1likely to be
required to obtain a solvable mathematical model are that the normal strain
rates are negligible compared to the shear strains and that the bed of the
glacier is of low gradient and not very rough. Methods to avoid these
assumptions will be investigated, because they are only poorly satisfied for
the Cordilleran Ice Sheet.

Parameters for the flow include the bedrock topography and mass balance
of the glacier resulting from ablation, calving, and accumulation. To the
extent practical, the latter will be specified from output of the atmospheric
general circulation and local climate models (Analyses E3 and ni,
respectively). Initial conditions that must be specified include the
thickness of the ice at each point and corresponding sliding velocities.

Input requirements for this ice flow model will inciude the topographic
configuration of the area specified in grid format, coastline configuration,
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and climatic conditions (temperature and precipitation amount and form).
Initial conditions will usually be considered as ice in its present
configuration. Alternative initial conditions will be specified to test the
ice flow model against the paleoclimatic and geologic records.

Verification of the ice flow model will be achieved primarily through its
ability to solve more simple problems for which analytical solutions are
available (Silling, 1983). A large number of such examples exist (Paterson,
1981, p. 153-161). Validation of the ice flow code will be achieved through
comparisons of the prediction of the model to the actual geologic record when
supplied with initial and boundary conditions representative of these times.

Benchmarking of the ice flow code can be done through comparisons of the
sotutions obtained when the model is applied to other locations that have been
modeled previously. Examples include the Laurentide Ice Sheet during the
latest glaciation (Andrews and Mahaffy, 1976) and the Barnes Ice Cap on Baffin
Isiand. Comparisons to other models of the Greenland and Antarctic Ice Sheets
may §150 be possible (see, for example: Budd et al., 1971; Radok et al.,
1982).

8.3.1.5.4.3.1.3 Analysis D3--Modeling the dynamics of major floods. It
is known that major cataclysmic floods affected the Pasco Basin during the
Quaternary. The same topographic configuration and drainage system
organization that was responsible for such floods still exist. Such
conditions are also 1ikely to be coupled with the requisite climate change to
produce more floods in the future. Therefore, it is important to assess the
1ikely impacts of recurring flooding. One possible impact of large floods
such as those which have derived from Lakes Missoula and Bonneville is extreme
water depths in the Pasco Basin. During at least one Missoula Flood, waters
reached 360 m (1,150 ft) within the Pasco Basin (Baker, 1973). This would
produce a depth at the 200 Areas within the Hanford Site of about 150 m
(492 ft). The depth may have been greater depending on the amount of
unconsolidated sediment removed by the flood before the high water mark was
reached. Such a depth of water may have been enough to create sufficient
water pressure upon the basalts to Tead to enhanced recharge (i.e.,
pressurized recharge). Analysis D3 will evaluate the recurring flood
characteristics and produce an estimate of the Tikely impacts of such floods
on the surface hydrology of the Pasco Basin.

To examine the possibility of pressurized recharge and other impacts of
extreme floods upon the site, an analysis of the dynamics of such floods will
be performed. Information about depth and duration of these extreme flood
events within the Pasco Basin derived from this analysis will be supplied to
the analysis of flood effects upon the groundwater system and radionuclide
transport (see Section 8.3.1.3).

The mathematical model of dynamics of Lake Missoula floods (Analysis D3)
consists of the momentum equations and mass continuity. These will be solved
for the two spatial dimensions using the unsteady flow formulation. It is
anticipated that a Crank-Nicholson semi-impiicit, finite difference
representation will be applied (Burden and Faires, 1985, pp. 586-589). The
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finite difference grid will be based on the alternating direction implicit
method (Wang and Anderson, 1982, pp. 103-107). Time-step length may be varied
at each time step to minimize the computations, subject to the appropriate
stability constiraints. :

The two-dimensional formulation is based on the assumption that the
results of interest are insensitive to changes in the third dimension. It is
assumed that the flow is incompressible and that the friction factor can be
expressed with the Chezy-Manning equation. Manning's "n" (a measure of
friction) will be modeled separately for each grid cell. Computation of the
gravitational term will carry with it the implicit assumption that all channel
slopes are low, less than about 10°.

Flow parameters include the channel topographic configuration and values
of the friction factor. Initial conditions for the flow include the
configuration of the lake and of the glacier margin and the possible existence
of proglacial lakes in the flow path. Fluid kinematic viscosity may be
considered time varying; if so, the initial value must be specified. Special
handTing of the time-varying conditions at the flow boundaries will be
required during the expanding stages of the flood.

Input requirements of this flood model will include the boundary and
jnitial conditions and parameters listed above. Both boundary and initial
conditions will be perturbed to represent different flood scenarios. Such
perturbations will be guided by the results of both the local climate model
and the model of ice sheet dynamics. Further perturbations will be based on
the possible modification of boundary conditions due to previous floods.
Examples include the modification of topography from erosion and (or}
deposition during such floods or changes in the configurations of proglacial
lakes due to these prior floods. Inputs will also be perturbed to represent
the range of uncertainty in these variables. Monte Cario procedures will be
used to summarize the effects of this uncertainty on the final results.

Selection of the exact form of the flow equations used will be based on
considerations of the most general form of the relevant mathematical models.
The full three-dimensional Reynold's equation, coupled with representations of
surface stress due to winds, geostrophic forces, and energy balance terms,
will form the starting point, Each term will be considered separately and
geologic evidence will be reviewed to determine whether it is needed in the
aquation or can be ignored. Preliminary calculations will be made to estimate
the magnitude of that term relative to others in the equations. This
selection process will be guided by a panel of experts in the appropriate
fields.

Where available, existing algorithms will be applied to flood behavior
solution. Models of more limited applicability (e.g., one-dimensional models)
will be used for computation of the appropriate segments of the flood problem.
Results of these models will comprise a set of benchmarks against which the
final model will be compared. Results of these benchmark procedures will be
reviewed by a panel of experts.
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Verification of the flood model (i.e., confirmation that it performs in
the desired manner) will be achieved through tests against a set of specific
computational tasks ranging from the solution of simple one-dimensional steady
flow through the computation of higher dimensional problems with complicated
boundary conditions exceeding the range of difficulty likely to be encountered
in the actual modeling. Validation will be done through attempts to
reconstruct specific examples of paleo floods that are weli-documented from
the geologic record. Such exampies will have been produced as one end product
of the paleoclimate reconstructions study.

Estimates of the uncertainty in each of the key variables will be based
on the observed range of these values in single reconstructions from the
geologic record and across each of the different reconstructions that have
been done. Supplemental estimates of uncertainty will be based on expert
Judgment where sufficient data are not availabie. Together, these data will
establish the acceptable Timits of model performance in individual
reconstructions. Tests (and improvements) will be continued until individual
models are certified to reproduce the geologic record within this range of
uncertainty.

Models will be run in Monte Carlo mode so that the full range of
uncertainties in the parameters, initial conditions, and boundary conditions
are represented in the model results. The distribution of the model results
will be summarized statistically, and the summary statistics will be compared
to corresponding estimates from the geologic record.

Informal, preliminary tests will be an ongoing part of the modeling
effort. Formal, independent tests will be performed at the compietion of each
major modeling milestone. Test results judged to be unacceptable will require
establishment of modifications in the modeling procedures. Planned
modifications will be reviewed by a review parel before model incorporation.

These modeling analyses (Analyses D1 through D3) will resuit in computer
code that is substantially new. 1In all of these analyses, preliminary model
development has occurred. A more simplistic model of local climates has been
developed for the southwestern United States with application to the potential
repository at the Nevada test site (Craig and Roberts, 1984). Studies also
have been completed on the flood dynamics of some of the catastrophic floods
of concern (Craig and Hanson, 1986). These analyses have created a computer
code that can form the basis of the BWIP computer codes. Relatively complete
codes of ice sheet dynamics have been developed with application to other
areas (e.g., Grigoryan et al., 1976). Such codes will be modified and adapted
to the Hanford Site. Thus, in each case the basic modeling concepts have been
formulated and a corresponding computer code exists. The BWIP analyses will
focus on adaptation of those concepts and codes to the SCP. Procedures to be
employed in these analyses are listed in Table 8.3.1.5-9,
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Table 8.3.1.5-9. Procedures for giobal climate change Tocal
modeling study components

Procedure Procedura

SMP-301 Determination of sofiware classification

SMP-302  Software development specification preparation and approval

SMP-303 Final internal development review of computer code and documentation
SMP-304  Computer code acceptance testing

SMP-305 Computer code configuration controi

SMP-306 Computer code and documentation change control

SMP-307 Computer code verification and (or) validation

SMP-308 Utility code documentation, control, testing, and use

SMP-309 Computer code application control

SMP-310  Magnetic media protection and controi

SMP-311 Computer software transfer

SMP-312 Control of acquired data bases

-

8.3.1.5.4.3.2 Study Component £: future global
climatic change.

Forecasting global climate change requires three different classes of
models. These are (1) simpler global climate drivers that examine the time
evolution of climate, (2) dynamic models of global ice sheet growth as a
function of changing insolation, and (3) general circulation models that
produce equilibrium simuiations for specific boundary conditions. Procedures
to be uUsed in these analyses are listed in Table 8.3.1.5-9.

8.3.1.5.4.3.2.1 Analysis El--Implementing global forecast drivers.
Climatic change at the Hanford Site does not occur in isolation from the
changes in the Columbia River Basin and the remainder of the Pacific
Northwest. These regional changes occur in the context of global variations.
This was certainly the case throughout the Quaternary when fluctuations on the
order of the glacial-interglacial climate changes are considerad (see
Section 5.2). Thus, the regional climatic changes must be considered in the
context of global climate. To forecast important changes at the Hanford Site,
only those factors that can modify climate on a global scale will be
considered.
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Information from Analysis El will also be used to help satisfy Regulatory
Guide 4.17 (NRC, 1985, Section 5.2.2, Items 3 and 4). These items request
long-term estimates of "the potential for glaciation, including estimates of
times of onset of glaciation and lengths and severity of glacial regimes" and
"future fluctuations in sea levels and cryosphere due to climatic change.
Such estimates can only be accomplished if a global view of climatic change is

employed.

The global forecast drivers program will identify those factors that can
control giobal climate and for which reasonable representations of their
variation can be made. The result of these models will be a sequence of
"snapshots" representing expected climatic states at no greater than 1,000-yr
intervals over the next 10,000 yr and a set of anticipated global climate
scenarios over the next 100,000 yr, based upon these controlling factors.
This information will be used to specify boundary conditions for the dynamic
jce sheet models and the general circulation model analyses.

In global climate forecast drivers (Analysis El), the key parameter is
the volume of glacial ice present on the earth at a given time. Subsidiary
variables wiil be considered to make this forecast, depending on the specific
driver being considered. Global ice volume will be considered over the range
of values believed to have occurred during the Quaternary. Tests of the
giobal driver will be based on oxygen isotope records and other proxy climate
Indicators obtained from cores of oceanic sediments. Ratios of the isotopes

60 and 180 are considered to reflect the total volume of ice on the earth's
surface at a given time.

At a minimum, the following models will be considered: (1)} the Imbrie
and Imbrie (1980) global ice volume forecast based upon orbital parameters and
calibrated with oxygen isotope data; (2) the Hasselmann (1976) "red noise"
model of climate change, which makes stochastic forecasts of global ice
volume; (3) Pollard's (1984) model of ice volume linked to orbital parameters
and glacio-isostatic effects; (4) the Kukla et al. (1981) astronomical climate
index model; (5) an empirical spectral model based upon the observed spectrum
of the oxygen-isotope ratio in the Northeastern Pacific Ocean; and {6) the
Saltzman (Saltzman and Sutera, 1984) physically motivated model of the
integrated climate system.

The character of the mathematical models differs from one conceptual
model to another. For some, the mathematical models are based upon a
differential equation expressing a relation between global ice volume and
external forcing functions. Other climate models may specify only a general
“ciimate state." Each model must be assessed and its strengths, weaknesses,
and relative merits evaluated.

Computer algorithms will be defined to implement each mode! of global
climate change chosen. Where appropriate, components of the climate system
that are explicitly linked with the forecast (such as ice sheet mass balance
or sea level changes) will be isolated. The process of selection and
implementation of the models will be reviewed by the advisory panel.
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8.3.1.5.4.3.2.2 Analysis E2--Modeling global ice sheet dynamics. The
best known changes in the global climate system during the Quaternary
accompanied the growth and decay of major ice sheets. These glacial-
interglacial cycies have been shown to correlate with the variations in
orbital parameters of the earth (precession, obliquity, and eccentricity)
during the time (Hays et al., 1976). These insolation-controlled ice volume
variations will be forecast most accurately in Analysis El. In order to
determine the effects of such ice volume changes upon the global climatic
system, it is necessary to compute the actual configuration and extent of ice
sheets at any given point in time that is of concern. Analysis E2 will
provide the needed estimates of ice sheet characteristics.

These estimates will be produced through the use of a computer modei
based upon a two-dimensional, dynamic solution of the relevant equations of
ice flow. Examples of such models are now in existence. One has been applied
to the reconstruction of the dynamics of the Laurentide Ice Sheet for the last
100,000 yr (Budd and Smith, 1981). Such a modeling approach will be adapted
to the computation of the global ice sheet system at sufficient spatial
resglution to provide boundary conditions for the atmospheric circulation
models to be used in Analysis E3.

Information from Analysis E2 will help to satisfy the request of
Regulatory Guide 4.17 (NRC, 1985, Section 5.2.2, Items 3 and 4), which calls
for characterization of the varjations in the cryosphere that can affect site
stability.

The model that will be applied to estimate configurations of each major
ice sheet on the globe at reqular intervals of time during the next 100,000 yr
will be based on methods 1ike those described for the Cordilleran Ice Sheet
(Analysis D2). Differences between the two include the application of finite
element methods to the global model and the need in the global model for a
more comprehensive computation of global isostatic deformation of the geoid
due to loading by the ice. A coarser space and time step will be used for the
global ice sheet computations, since resolution needed is defined by the very
coarse grid of the atmospheric general circulation models.

Because the dynamic evolution of ice sheets is strongly controlled by
variations in the mass balance, it is important to specify that mass balance
as carefully as possible. To model future variations in mass balance, an
energy balance model of the earth's climate system is being developed. This
energy balance model may provide estimates of temperature and precipitation on
a grid pattern over the globe. That information may be used to estimate
glacier accumulation and ablation with greater precision than would be
available with purely empirical estimates.

8.3.1.5.4.3.2.3 Anaiysis E3--Regional forecasting with general
circulation models. The potential climate change at the Hanford Site must be
considered as an integrated part of the global c¢limate system. Regional
boundary conditions must be specified to produce a forecast of Tocal climate
{Analysis D1). These include the patterns of atmospheric circulation, which
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are dependent on sea surface temperatures, extent of permanent ice,
atmospheric composition, and orbital variations. The model results are
strongly dependent on the global heat balance and energy distribution.

One method of providing such information is the use of general
circulation modeis of the atmosphere and, subsequently, fully coupled ocean-
atmosphere general circulation models. Such models are now developed to a
high level of sophistication at several large universities and national
taboratories. The atmospheric general circulation modeis are routinely used
to study modern climate and have also been used in a substantial number of
analyses of climates of the geologic past (Kutzbach and Guetter, 1984; Manabe
and Broccoli, 1984).

The information provided as a result of Analysis E3 will help to satisfy
the NRC guidelines, which request long-term estimates of the "regional
windflow...patterns that may evolve in the future as a result of climatic and
geologic changes" (NRC, 1985, Section 5.2.2, Item 2). Solutions of the
general circulation models are sensitive to the volume and distribution of
glacial ice covering the earth as well as other geologic controls on the
climate, including variations in the orbital parameters of the earth.

The numerical models currently used to study atmospheric and oceanic
circulation (Analysis E3) are extremely complex and place heavy demands on
computational power. Research personnel and instailations will be determined
and contracts will be signed at an early date so that needed results can be
obtained in a timely manner.

General circulation models of the atmosphere will estimate a spectrum of
variables for regional and global climates. Such models require a specifi-
cation of boundary conditions (e.g., sea surface temperatures, ice extent,
atmospheric C0z levels, surface albedo, and solar insolation). Since
uncertainties exist in specifying or computing factors such as atmospheric
CO2 level or sea surface temperatures, the model simulations will be completed
based on & sensitivity analysis of climatic response to a plausible range of
variables contributing to global climate change. In terms of bracketing,
model simulations will be based on the possible range of climate change over
the next 100,000 yr. These models do not allow study of the evolution of
climate as boundary conditions change. Except for representations of diurnal
and seasonal insolation cycles, all boundary conditions remain fixed. For
this reason the general circulation models merely represent "snapshots" of
climate at a given time. Many such snapshots will be investigated.

A coupled ocean-atmosphere-ice general circulation model would provide a
comprehensive representation of the climate system, thus ensuring that
interactions between these climate components were included in simulating
gtobal and local climates. However, such models of the global climate with
two-dimensional (spatial) horizontal resolution are not ready for applied
experiments. Development of coupied ocean-atmosphere general circulation
models is proceeding rapidly and should result in documented and well-tested
codes by FY 1988. Such models are the preferable research tool, given
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adequate computational time. Based on the computational expense, sensitivity
experiments should be completed first on the more efficient atmospheric
general circulation models. Bracketing potential future climatic change and
guiding the types of simulations would be completed with the comprehensive

models.

Models of the global climate will represent state-of-the-art capabili-
ties. Since results of these global models must be used efficiently by the
local climatic model, the exact methods used will be defined at an early
stage, despite the fact that advances in those fields continue at a rapid
pace. In the end, the quality of the forecasts might be less than would be
achieved if such early selection had not been required.

Three distinct sets of computer code will be developed in this study
component. For one of the analyses (Analysis E3), the major code elements
already exist and have been used for many purposes. These are the codes for

M~ the global circulation models of the atmosphere and the oceans. At the
current state of research in these fields, the two study components are being

o Tinked into a single model of global circulation. It will be preferable to

o8 use such a coupled model, if computationally possible, but these models are
sti11 under development.

o]

A computer code for the global ice sheet model will be developed
L specifically for this project. It will involve a two-dimensional, dynamic
1 equation and will be solved by means of finite element representation.
16y The computer codes for the global forecast drivers (Analysis E1) will be
written specifically for this analysis, although certain of the methodologies
o~ have been explored in applications to the Hanford Site defense waste studies
and the Nevada Nuclear Waste Storage Investigations.

o it is anticipated fhat the Community Climate Model at the National Center
for Atmospheric Research will be used for the atmospheric modeling. The most
o recent developing versjon of the Community Climate Model includes an oceanic

circulation component. This version is preferable for later analyses to
ensure comparable results. Design of the Community Climate Model (or any
other atmospheric general circulation model) runs requires careful
specification of the boundary conditions.

Most atmospheric general circulation models are computed in the spectral
domain (Simmons and Bengtsson, 1984). Thus, it is necessary to transform the
boundary conditions to the spectral domain before processing. Analyses for
equilibrium conditions and fixed insolation are typically continued through at
Teast 300 simulated days. Results are averaged for only the final 200 d; the
first 100 d represent the equilibration period. More complex boundary
conditions of seasonal insolation are simulated with runs that can extend for
several years. It may be desirable to make use of such seasonal cycle
simulations in order to evaluate moisture balance in the hydrologic cycle.
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Boundary conditions for runs of an atmospheric general circulation model
include the locations of continental areas and their elevations, the location
and elevations of continental ice, the location of sea ice and its
temperature, surface albedo, and the sea surface temperatures. These values
are specified on a latitude-longitude grid at a spacing of about 4.5° by 7.5°.
Reconstructed data will be derived from data gridded at a spacing of 2° by 2°.
For palecciimatic conditions, much of these data will be available from the
CLIMAP project (CLIMAP, 1976; 1981). Another important boundary condition is
the insolation regime of the earth. This is readily computed from the orbital
parameters of the earth for the time periods of interest (Berger, 1978a).
Current solutions are computed at 1,000-yr intervals of time. It will be
necessary to compute solutions at shorter intervals of time if greater
resolution of estimated rates of climate change are found to be needed by the
groundwater modeling exercise. For each of the various types of boundary
conditions, the selection of values is based on the particular time horizon
represented (when analyzing for comparison to the geologic record) or the
specific scenario being considered (for the future climate analyses).

Existing published model results for the last glacial maximum will
provide a set of benchmarks in the early stages of the project. Some
examination of the validity of the model results can be obtained from the
comparisons to the various time horizons represented in the geologic record.

One potential difficulty with the coupled general circulation model being
considered is the coarseness of resolution of sea surface temperatures that
would be computed. This coarseness limits the ability to represent the

importance of changes in currents in the northeast Pacific Ocean. This
question must be examined in greater detail as the coupled model becomes
available for application.

For the super-interglacial conditions, high atmospheric CO> will be
incorporated and sea surface temperatures will be derived from published
estimates from seasonal, interactive mixed layer general circulation model
experiments. Since the DOE is currently performing extensive analyses of the
C02 problem, there will be an attempt made to collaborate with the DOE Carbon
Dioxide Research Division in the specification of realistic bounding scenarios
for the super interglacial.

Verification, validation, and benchmarking of the computer codes and
mathematical and numerical models will follow NRC guidelines for documentation
of codes (Silting, 1983). The basis of these efforts will be an examination
of the ability of the coded procedures to accurately reproduce the modern
circulation patterns and those reconstructed for both the last glacial maximum
and other time horizons (where data are available). A1l model results will be
reviewed by an independent panel of experts at regular intervals during the
characterization process.

The computer code for the global climate drivers will be based, whenever
possible, upon an existing code(s). These codes will be combined into a
single computer program to facilitate their use and to ensure consistency in
the implementations. A new code will be prepared for specific models when an
appropriate code is not available.
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For Analysis El the character of the mathematical models differs from one
conceptual driver model to another. For some, the mathematical models are
based upon a differential equation expressing a relation between global ice
volume and external forcing functions (e.g., Imbrie and Imbrie, 1980). Other
climate models may specify only a general "climate state." The most detailed
models provide estimates of the global ice volume.

8.3.1.5.4.3.3 Contingency plans for modeling.

An important question that should be addressed is the possibility that
model validation will result in the conclusion that one of the component
models is unacceptable. Some alternative strategies should be defined for
each of the models and a preliminary assessment of the probability of success
is of interest. The BWIP has undertaken an exercise to consider this question
and the results are summarized as Table 8.3.1.5-10. Six model components are
to be employed.

Table 8.3.1.5-10. Estimated 1likelihood of success of model
components and alternative strategies

Probability Alternative
Analysis Mode(s) of success mode1(s)

D1 Local climate Q.70 Mesoscale physics
climatological
extremes

" D2 Cordilleran Ice 0.70 Ice sheet without
Sheet full topographic
control (Mahaffy,

1976)

D3 Extreme floods 0.70 Empirical estimates

El Global drivers 0.85 Many are being con-
sidered; all
currentiy are useful

E2 Hemispheric 0.70 Budd and Smith (1981)

Ice sheet dynamics North et al. (1983)
EBM
E3 Fully-coupled GCMs 0.70 Mixed layer GCMs

Mixed Tayer GCMs 0.80 Fixed SST GCMs
Fixed SST GCMs 0.90 EBMs

EBM = Energy balance model.

GCM = General circulation model.

SST = Sea surface temperature.
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Estimates of the probability of success are subjective and based upon
prior experience with these types of models. Analysis D1 will be based upon a
model already developed and applied to paleoclimates in the southwest.
Analysis D2 will require addition of computations of topographic effects to an
existing model. It will also make use of an existing energy baiance model for
further development. Analysis D3 involves improvements to a model that
currently exists. Analysis El will employ models that already exist. The
probability estimate is based on a pubiished estimate of percent variance in
common. Analysis E2 does not require a major new model. The application to
a1l hemispheres simultaneously is new. Analysis E3 will make use of three
models that currently exist. A1l but the fully coupled model have been
applied to paleociimatic problems.

Any of these models could fail to provide acceptable answers. In this
the term "failure" will be applied to models that consistently produce results
that are significantly different than modern and paleoclimatic test cases.
Consistent discrepancies are required to judge a model faiiure since the
paleoclimatic reconstructions themselves could contain errors. Final
decisions as to whether a model is acceptable will be based upon the
recommendations of the appropriate advisory panel in 1ight of the validation
results.

In the event that a model is determined to be unacceptable, the
alternative models l1isted in Table 8.3.1.5-10 will be considered. In general,
these alternative models have disadvantages. Most offer a higher probability
of "success" but at a greater cost of time or effort and the "success" is more
apparent than real. This is because the alternatives usually provide Tlower
resolution and therefore cannot be tested as thoroughly. This lower
resolution also means they will be less useful for satisfying site
characterization information needs.

B.3.1.5.4.4 Application of resuits

A1l of the analyses in the investigation of future climates will produce
information that will become a part of the performance assessment. Certain of
these analyses will provide direct input; the others provide indirect support
(see Fig. 8.3.1.5-3). Modeling of future climate is important to tectonic and
geomorphic studies also (see Section 8.3.1.2). Specific uses of these results
are described below.

From the local climate model (Analysis D1) will come a set of scenarios
that describe the possible and most probable climatic states expected at the
Hanford Site throughout the forecast period. Variables specified include
temperature, precipitation, evapotranspiration, and wind velocity. These will
be specified on a detailed grid to illustrate the spatial variability of these
factors. Recharge to the groundwater system will be computed from this
information and this will form bounding values for models of the groundwater
system. The impact of climatic change upon the geohydrologic system will thus
be estimated. This model will also provide input to the other analyses in
this component, inciuding glaciation (Analysis D2) and floods (Analysis D3).
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Results of the modeling in Analysis D3 (glacial age floods) will form a
portion of the performance assessment. Site stability during such floods in
the future will be described and the specific impacts of such floods will be
reported., Such an assessment is requested by Regulatory Guide 4,17 (NRC,
1985, Section 5.2.2).

Results of the glaciation model (Analysis D2) will be reported in the 5CP
updates. This will satisfy a portion of Regulatory Guide 4.17 (NRC, 1985,
Section 5.2.2, Items 2 and 3). This glaciation model will also provide input
to the local climate model (Analysis D1), the Missoula floods model
(Analysis D3), and the general circulation model runs (Analysis E3).

Results of regional forecasting with general circulation models
(Analysis E3) will provide input to Analyses Dl and D2. Primary input will be
boundary conditions required for these other models. For the local climate
mode] (Analysis D1), regional wind patterns will be used. The means of
Tinking general circulation model winds, temperature, and hydrologic balance
will be investigated. The ice model (Analysis D2} will use temperature and
precipitation from the general circulation model output.

Forecast drivers (Analysis E1) will provide input to the design of
general circulation model runs in Analysis E3. This analysis will also
provide specification of the global climate state (1) controlling glacial
growth in Analysis D2 and (2) controlling the local climate state in
Analysis D1. Analysis £1 will also provide a general statement of the range
and sequence of climate change expected at the site that will be reported
directly in the performance assessment report.

The configuration of the major global ice sheets at specific times in the
future (Analysis E2) will allow specification of boundary conditions required
for the solution of the atmospheric circulation (Andlysis E3). The dynamic
behavior of the ice sheets during this period will form the basis of an
estimate of the probability of climatic changes that could affect site
stability. This will be important information for the calculation of
anticipated and unanticipated events.

8.3.1.5.4.5 Schedules and milestones for investigation

Figure 8.3.1.5-7 shows the schedule and selected milestones for the
future climatic change investigation. The following discussion of the
schadule assumes the results of the sensitivity study to be conducted by the
end of the third year of study support detailed climate analyses. Study scope
and, hence, schedule could change if the outcome of the sensitivity runs do
not support exhaustive climate analyses.

Constructing the model of local climate {Analysis D1) will begin in the
first year of study with definition of the model structure. Work compieted in
the third year will consist of compilation of the available climatic,
topographic, and ocean temperature data sets and an initial definition of
tests of the model. By the end of the fourth year, the form of the model will
be identified and parameters will be estimated, as well as a definition of
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the tests of the model's ability to reproduce both modern local climates and
paleoclimates. Such tests will include, among other things, tests of
estimates of the surface hydrologic balance. Work completed in the sixth and
seventh year will include testing of the model's ability to forecast modern
local climate, tests of the paleoclimate forecasts, actual tests of the modern
predictions, and paleoclimate reconstructions. By the end of the ninth year,
forecasts of the future climatic conditions at the site will be completed and
reviewed by an independent panel.

Simulating the growth of glaciers (Analysis D2) will begin in the first
study year with a review of the existing ice dynamics models. The conceptual
model that (1) defines the model components produced, (2) describes the
connections and interactions between the various study components, and
(3) identifies the mathematical structures employed will be completed, and
mode] structure will be reviewed by a panel of experts. After it is certified
by the panel, the model will be implemented as a computer code by the end of
the fourth year. During the sixth year, the model will be tested and, after
acceptance, will be used to model the behavior of ice sheets during glacial
episodes--as forecast from the model of global climate change {Analysis D1}).
In the sixth study year results will be compared with the global ice sheet
model. By the end of the seventh study year, the model will undergo testing
and external review.

Modeling the dynamics of major floods (Analysis D3) will also begin in
the first year with specification of the form of the equations used for this
analysis and the variables needed. By the end of the next year, the numerical
solution procedure will be defined. The computer code will be created by the
end of the following year. The code will be tested by the end of the sixth

year. In the seventh study year, paleofiocod dynamics will be reconstructed.
In the following year the results of the analysis will be made available to
hydrogeologists. These results will form bounding scenarios for appropriate
groundwatey flow models.

Implementing global forecast drivers (Analysis E1) began in FY 1986,
During FY 1987, appropriate personnel at the other repository sites will be
contacted, and an attempt will be made to establish a cooperative arrangement.
The appropriate panel of experts wiil be identified and convened to organize
the various components of the work. Review of the literature will begin. B8y
the end of FY 1987 the literature review will be completed. Also, the models
to be used will be determined. In the following year, computer code for these
models will be completed, and the drivers will be implemented. During the
next year, review of the code and results will be completed. Comparisons
between the various model forecasts and selection of a representative set of
climatic change scenarios will be compieted by the end of the fourth year of
study. The drivers will be tested and scenarios evaluated in the fifth year
of study. Preliminary general circulation model results will be used to
select scenarios in the next year. In the seventh study year, the Pacific
spectrum will be used for error estimation.

During FY 1987 a finite element form of the solution of the two-
dimensional equations of dynamic ice flow will be defined (Analysis E2). In
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the following year, this will be used to reconstruct the history of the
Laurentide Ice Sheet as a test of the model. One year later, the model will
be applied to the reconstruction of all major ice sheets, and the definition
of methods of 1inking the model to the drivers defined in Analysis E1l will
begin. This work will continue through the next year. In the fourth year,
the means to 1ink the ice sheet model to estimates of future giobal driver
forecasts will be completed and reviewed. Actual forecasts of future ice
sheet configurations for the next 100,000 yr will be completed during the
following year. Links to the driver to model future ice will be defined in
the sixth year, allowing future ice sheet scenarios to be modeled the
following year.

Regional forecasting with general circulation models (Analysis E3) will
proceed in the following manner. By the end of FY 1986, preliminary contacts
with the appropriate research organizations and organization of the panel of
experts had been made. Review of the current state of knowledge in numerical
modeling of oceanic circulation and consultation with experts in the field to
determine the advisability of using ocean circulation models for this purpose
was also completed at this time.

During the first year of study, the following work will be completed: a
review of the existing record of atmospheric general circulation model runs
and identification of current plans for additional runs; determination of
major gaps in the available collection of atmospheric general circulation
model runs; determination of experiments to bracket possible climatic change
and to characterize limitations; and the initiation of needed additional run
specification. First additional runs will begin. In the second study year,
definition of the runs to characterize future climates will be required.
Future climate will begin. If it is determined that such modeling is
appropriate, the selection of the procedures used and the definition of the
specific scenarios investigated will be completed.

The following work will be completed in the third year: additional
sensitivity runs will be made as required; results will be made available to
local climate model; summarization of the results of the varijous runs will be
made as they become available; determination will be made of specific past and
future time slices and high-risk conditions for the second stage of general
circulation model modeling.

Links to global drivers and the ice sheet model will be defined in the
fourth year. By the end of the following year, two more tasks of Analysis E3
will be compieted: (1) testing of general circulation model (if available)
for coupled atmosphere-oceanic circulation and using the model to produce
forecasts of oceanic conditions in the northeast Pacific Ocean and
(2) completing most of the simulations used to characterize specific times and
high-risk conditions. Results will be made avaiiable for use in the local
climate model. Panel review of these results will be made, at which time
modifications of the plans may be made as required.

Work completed by the end of the sixth year will consist of final general
circulation model runs, if necessary. Also, summarization of the results and
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panel review will be compieted. Future general circulation model scenarios
will be prepared in the following year. Finally, the final results will be
incorporated into the local climate model.

Three types of documents.will be provided from each of the modeling
analyses.

1. The first category consists of the output of the model as it will be
used in other modeling analyses. This output will be provided in
both hard copy and in computer readable format. A report,
summarizing the results of the analyses using the model, will be
produced for each of these models.

2. A second type of document will be the final report on the entire
analysis itself. This will summarize the various steps of the
analysis and the conclusions reached from its use. This document
will form the basis of the relevant portions of the performance
assessment document.

3. The third type of information produced (for each analysis) will
cons;st of the five documents required by NUREG-0856 (Sil1ling,
1983).

The categories of documentation are as follows:

Software summary.
Description of mathematical models and numerical methods.
User's manual.

Code assessment and support.
Continuing documentation and code 1listings.

Continuing documentation and code 1istings will occur on a semiannual or
annual basis, as appropriate, and will continue until a final selection of a
repository is made.

8.3.1.5.5 Site meteorology investigation

Atmospheric dispersion and meteorological conditions at the Hanford Site
must meet certain criteria (as detailed in Section 8.2.2.2) for the site to be
acceptable as a geological repository. Meteorological data and analyses are
required to determine if these criteria are met and to provide additional
information for site planning, construction, and operation activities. Where
the existing meteorological data base provides insufficient data to meet
objectives, additional data must be collected. Likewise, additional analyses
are required where existing studies do not adequately characterize certain
parameters or conditions. Fortunately, an intense program of meteorological
monitoring and data analysis has been ongoing at the Hanford Site since 1944
(some data collection began as early as 1912), providing a detailed
meteorological data base and published studies that should provide much of the
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meteorological information required to address repository issues. In
addition, a number of meteorologic studies are planned to support Hanford Site
activities that are not associated with the repository project.

A characterization of the recent climate of the site, a discussion of the
existing meteorological data base, and & description of the monitoring program
are presented in Chapter 5, Section 5.1. A more detailed presentation of
meteorological data and a description of past and ongoing programs are
available in Stone et al. (1983).

The following sections review the purpose and objectives of the
meteorological investigation for characterizing the Hanford Site for a
geclogic repository, the rationale for developing such an investigation, the
data gathering tasks required to supplement existing data and analyses, and
the application of the results of these tasks.

8.3.1.5.5.1 Purpose and objectives

The specific purposes for investigating site meteorology for repository
site characterization include the foliowing:

e To provide information to address the issues, parameters, and goals
identified in Section 8.2.

e To provide information on meteorological averages and extremes for
the design of facilities and the scheduling of operations.

¢ To provide information to be used in site characterization studies
that require meteorological data, especialily studies of site
groundwater (see Section 8.3.1.3.4.3.2) and surface water hydrology
(see Section 8.3.1.3.3.1).

o To identify and characterize the frequency and intensity of
meteorological conditions that may affect repository operation.

o To satisfy requirements of the DOE in 10 CFR 960 (DOE, 1987), the
NRC in 10 CFR 60 (NRC, 1987), and the EPA in 40 CFR 191 (EPA, 1986).

Specific information gathering objectives for the investigation include
data on the following:

o Winds.

- Prevailing direction and average speed near the proposed
repository iocation.

- Frequency distribution of direction and speed as a function of
season, time of day, and height above ground.

- The spatial variation of near surface winds.
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Analysis of extreme winds.

Several years of data of hourly average wind
speeds from several monitoring locations.

o Temperature.

Annual and monthly averages and extremes.
Hourly average values.

Spatial and vertical variation.

e Precipitation.

Annual average for rain and snow.
Seasonal variations.

Spatial variations.

Precipitation intensities.

Snow accumulation.

Solar radiation.

Annual and monthly averages and extremes.

- Dajly and hourly maximum potential values.

Hourly average values.

annual and monthly averages and extremes.

-

-

Atmospheric mixing.

Annual and monthly averages of mixing height.

Hourly values of atmospheric stability.
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directions and

Atmospheric moisture (dew point temperature and relative humidity--

Atmospheric pressure (annual and monthly averages and extremes).

Several years of hourly values of mixing height.



CONSULTATION DRAFT

¢ Severe weather.
- Hurricanes.
- Tornadoes.
- Severe winter storms (e.g., blizzards).
- Dust storms.
- Thunderstorms (including 1ightning strikes).
- Air stagnation events.

8.3.1.5.5.2 Rationale

The regulatory basis for a meteorology investigation to characterize the
Hanford Site are discussed in this section. Meteorology, atmospheric
dispersion, and related information are required to address four of the issues
identified in Section 8.2, which in turn are derived from the requirements of
10 CFR 960 (DOE, 1987), 10 CFR 60 (NRC, 1987), and 40 CFR 191 (EPA, 1986).
These issues focus on radiological safety.

The issues for which meteorological information is required in order to
reach a higher level finding are given below (DOE, 1986):

Issue 2.1t During repository operation, closure, and decommissioning
(a) will the expected average radiation dose received by
members of the public within any highly populated area be
less than a small fraction of the allowable Timits and
(b) will the expected radiation dose received by any member
of the public in an unrestricted area be less than the
allowable Timits as required by 10 CFR 60.111, 40 CFR 191
Part A, and 10 CFR Part 20?

Issue 2.2: Can the repository be designed, constructed, operated,
closed, and decommissioned in a manner that ensures the
radiological safety of workers under normal operations as
required by 10 CFR 60.111 and CFR Part 207

Issue 2.3: Can the repository be designed, constructed, operated,
closed, and decommissioned in such a way that credible
accidents do not result in projected radiological exposures
of the general public at the nearest boundary of the
unrestricted area, or workers in the restricted areas, in
excess of applicable limiting values?

Issue 2.5: Can the higher level findings required by 10 CFR Part 960 be
made for the qualifying conditions of the preclosure system
guideline and the disqualifying and qualifying conditions of
the technical guidelines for population density and
distribution, site ownership and control, meteorology, and
offsite installation and operations?
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The specific sections of the 10 CFR 960 (DOE, 1987), 10 CFR 60 (NRC,
1987), and 40 CFR 191 (EPA, 1986) that relate to meteorologic issues are
summarized below.

The 10 CFR 960 guidelines Tist three qualifying conditions (one favorable
condition and two potentially adverse conditions) related to site meteorology

and atmospheric dispersion. The conditions that pertain to atmospheric
dispersion are stated in the guidelines stated below.

10 CFR 960.5-1 System Guidelines.

(a) Qualifying Conditions--(1) Preclosure Radiological Safety. Any
projected radiological exposures of the general public and any projected
releases of radioactive materials to restricted and unrestricted areas
during repository operation and closure shall meet the applicable safety
requirements set forth in 10 CFR Part 20, 10 CFR Part 60, and 40 CFR 191,
Subpart A...

10 CFR 960.5-2-1 Population Density and Distribution.

(a) Qualifying Condition. The site shall be located such that,
during repository operation and closure, (1) the expected average
radiation dose to members of the public within any highly populated area
will not be T1ikely to exceed a small fraction of the 1imits allowabie
under the requirements specified in 960.5-1(a)(1), and (2) the expected
radiation dose to any member of the public in an unrestricted area will
not be 1ikely to exceed the 1imit allowable under the requirements
specified in 960.5-1(a)(1).

10 CFR 960.5-2-3._ Meteorology.

(&) Qualifying Condition. The site shall be located such that
expected meteorological conditions during repository operation and
closure will not be likely to lead to radionuciide releases fto an
unrestricted area greater than those allowable under the requirements
specified in 960.5-1{a}(1).

(b) Favorable Condition. Prevailing meteorological conditions such
that any radicactive releases to the atmosphere during repository
operation and closure would be effectively dispersed, thereby reducing
significantly the likelihood of unacceptable exposures to any member of
the public in the vicinity of the repository.

(c) Potentially Adverse Conditions. (1) Prevailing meteorological
conditions such that radicactive emissions from repository operation or
closure could be preferentially transported toward the localities in the
vicinity of the repository with higher population densities than are the
average for the region.
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To address the issues posed by these potential conditions, meteorological
data are required to properly estimate atmospheric dispersion. Sufficient
data must be collected to characterize atmospheric transport from the proposed
repository location to populated areas; corresponding data to characterize
atmospheric diffusion must also be available. To numerically simulate
radicactive releases, the use of an appropriate atmospheric dispersion model
is required. Atmospheric dispersion experiments would provide data to select
an appropriate model and to fine tune the model to adequately simulate the
interactions between wind fields and the area's complex terrain.

The second potentially adverse condition presented’in
10 CFR 960.5-2-3(c)(2) focuses on extreme weather events. This condition is
stated as follows:

(2) History of extreme weather phenomena--such as hurricanes,
tornadoes, severe floods, or severe and frequent winter storms--that
could significantly affect repository operation or closure.

To address this condition, existing studies on extreme weather phenomena
must be reviewed and additional analyses conducted if the existing studies are
inadequate. Because many years of meteorological measurements and
observations are required to record a large enough number of extreme weather
events to adequately characterize the event's frequency and intensity, the
existence of a lengthy meteorological data base for the Hanford Site should
contribute greatly to resolving issues related to this potential condition.

The 10 CFR 60 1ists several licensing criteria that must be addressed.
Section 10 CFR 60.21 states that the safety analysis report must include
"...An analysis of the...meteorology of the site." The analysis is "...to
determine the degree to which each of the favorable and potentially adverse
conditions, if present,-has been characterized, and the extent to which it
contributes to or detracts from isolation." Although this particular analysis
would be conducted during the preparation of the safety analysis report, site
characterization activities must provide sufficient data to address this
concern.

Section 10 CFR 60.111 states that the "...geologic repository operations
area shall be designed so that until permanant closure has been completed,
radiation exposures and radiation levels...will at all times be maintained
within the Timits specified in Part 20 of this chapter and such generally
applicable environmental standards for radiocactivity as may have been
established by the Environmental Protection Agency." To determine if
standards would be maintained, data on atmospheric transport and diffusion are
required to support the necessary modeling efforts. These data and modeling
efforts are also required to comply with 10 CFR 60.112, which calls for the
siting and design of the repository and barriers "...to assure that releases
of radioactive materials to the environment following permanent closure
conform to such generally applicabie environmental standards for radiocactivity
as may have been established by the Environmental Protection Agency with

" respect to both anticipated processes and events and unanticipated processes

and events."
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Section 10 CFR 60.122(c)(1) calls for knowledge of "Potential for
flooding..." at the repository site. Studies must consider floods that could
result from intense precipitation or rapid snow meit; site specific
meteorological data would be required for this task.

Section 10 CFR 60.131 discusses design criteria for the repository to
1imit radiologic releases to the atmosphere and radiologic exposure. It calls
for the design of facilities so that "...natural phenomena and environmental
conditions anticipated at the [repository] will not interfere with necessary
safety functions." This would require knowledge of the frequency and
intensity of severe weather phenomena and estimates of the probability that
certain values of key meteorologic parameters would be exceeded during any
given year.

The 40 CFR 191, Subpart A, sets environmental standards for the proposed
repository. Section 40 CFR 191.03 states that the "...Discharges of
radicactive material and direct radiation from such management and storage and
(2) all operations covered by Part 190 shall not exceed 25 millirems to the
whole body, 75 millirems to the thyroid, and 25 millirems to any other
critical organ." Once again, the estimation of dose requires the use of an
appropriate dispersion model and the proper characterization of atmospheric
dispersion parameters. Because this requirement calls for the consideration
of all operatjons at the Hanford Site, atmospheric transport and diffusion
from all potential emitters of radiologic material on the Hanford Site must be
characterized, not just emissions from the proposed repository location.

The relationship between results of site meteorologic analyses
accomplished under the climate investigation and the repository performance
assessment is shown by Table 8.3.1.5-11. This table includes a list of
supporting parameters from the site meteorologic analyses with corresponding
performance parameters and performance measures. The performance measuyres and
related performance parameters are derived directly from the issue resolution
strategy described in Section 8.2.2. The supporting parameters are given
expected values along with current confidence in the expected values. The
final table entry is needed confidence in the value of the supporting
parameter expected to be necessary to adequately determine the performance
parameter.

8.3.1.5.5.3 Description of site meteorology study

Because an intense program of meteorologic monitoring and analysis has
been conducted at the Hanford Site for over 40 yr, sufficient data and studies
already exist to adequately address many of the meteorologic and atmospheric
dispersion issues associated with the site characterization. Studies planned
to address the meteorologic needs of other projects will provide even more
information.
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safety issues (Issues 2.1, 2.2 and 2.3) (sheet 1 of 2)

Supporting parameter table for the meteorologic elements on radiologic

Test or analysis basis

System element; Performance -
performance measure Issue parameter Supporting parameter R Current Needed
Expected values® | .o sidenceb | confidenceb
Airborne radionuclide {2.1,2.2,23 | Wind speeds Near-surface wind speed near See Chapter§ Medium High
concentrations exploratory shaft location
Near-surface wind speeds at other See Chapter 5 Medium High
monitoring locations
Vertical variation in wind speed See Chapter 5 Medium High
21,22,23 | Winddirection Near-surface wind direction near See Chapter s Medium High
exploratory shaft location
Near-surface wind direction at other See Chapter 5 Medium High
manitering locations
Vertical variation in wind direction See Chapter 5 Medium High
2.1,2.2,23 | Atmosphericstability | Atmospheric stability near See Chapter 5 Medium High
exploratory shaft location
Spatial variation See Chapter 5 Medium High
2.1,22,23 | Mixing height Mixing height 005,000 m, Low Medium
21,22,23 | Airtemperature Airtemperature near exploratory -3.251046.1°C Medium High
shaft location
Spatial variation in air tempetature -45t050°C Medium High
Relative humidity Refative humidity near exploratory 5% to 100% Medium Medium
shaft location
Spatial variation in relative humidity 5% to 100% Low Medium
2.1,2.2,23 | Precipitation rrecipitation near exploratory shaft | 7.6% to 29.1 cmiyr Medium Medium
- ocation
Spatial variation in precipitation 4% to 100 cmiyr Low Medium
2.2,23 Surface air pressure Surface air pressure 975% t0 11,255 mb High Medium
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Supporting parameter table for the meteorologic elements on radiclogic
safety issues (Issues 2.1, 2.2 and 2.3) (sheet 2 of 2)

Test or analysis basis
pes rf:r?tna‘lrfclg T‘a"ligts;ure lssue PSQ&‘S’&"&? Supporting parameter Curcent Needed
Expected values® confidencet | confidencet
Severe weather 23 Tornadoes Frequency of tornadoes See Chapter S Low Medium
Intensity of tornadoes See Chapter S Low Medium
23 Wind storms Wind storms See Chapter 5 Medium Mediuom
23 Lightning Frequency of cloud-to-ground See Chapter 5 Medium Medium
lightning strikes
23 Duststorm Frequency of duststorms See Chapter 5 Medium Medium
Intensity of duststorms See Chapter § Medium Medium

aExpected values are the range of values that have been measured in the past and should represent bounding values for the praclosure period.
BHigh = >90%, Medium = >50%, Low = <50%.
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8.3.1.5.5.3.1 Study Component F: Site Meteorology

To fi1l in the information gaps, eight analyses, which together make up a
single study, are being planned (Table 8,.3.1.5-12}. The first six focus on
meteorologic and atmospheric dispersion questions; the final two would provide
data for hydrologic studies.

8.3.1.5.5.3.1.1 Analysis Fl--Comparison of Hanford Meteorology Station
data with site meteorologic data.

Much of the data being used to represent the meteorologic conditions of
the proposed repository location have been collected at the Hanford
Meteorology Station. Although the station is located within the controlled
area study zone, it is several kilometers (miles) from the proposed repository
location; the question therefore arises as to just how applicable the data
from the station are to the proposed repository location. It has been assumed
that there is 1ittle significant spatial variation in meteorological
parameters between the two sites. This assumption is based on the close
proximity of the sites, their similar elevations, and lack of significant
complex terrain between or near their locations. A preliminary comparison of
wind data collected near ground level at the two locations supports this
assumption; the joint frequency distributions of wind direction and wind speed
from the two locations are very similar. [t is assumed that this relationship
holds for other meteorological parameters (e.g., precipitation and humidity)
as well.

The first stage for this analysis would be to examine the existing wind
and temperature data collected at the repository location and compare them to
the data collected at the Hanford Meteorology Station. The second stage would
be to deploy instruments to monitor precipitation, solar radiation, and
atmospheric moisture at the proposed repository location. These instruments
would be located on or near the existing 9.1-m {30-ft) tower at the proposed
repository location. After these instruments have collected sufficient data
for analysis, the next task would be to compare the new data from this
location with data collected at the Hanford Meteorology Station. The degree
of spatial variation for each parameter would be determined and a judgment
made as to the general representativeness of data from the Hanford Meteorology
Station to the proposed repository location.

8.3.1.5.5.3.1.2 Analysis F2--Monitoring of wind in the Cold Creek Valley
area. In order to characterize atmospheric transport toward the west and
northwest of the proposed repository location, wind monitoring equipment will
be required in the Cold Creek Valiey and surrounding hills. The existing
Hanford Site network of over 20 wind monitoring stations does not adequately
monitor conditions in this region. Most of these monitoring locations are
concentrated in the region to the east through the south-southeast of the
proposed repository location.
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Site meteorological analyses procedures

Analysis ‘
number Analysis Procedure

F1 Comparison of Examine existing data. Deploy additional monitoring equipment. Analyze
Hanford Metecrology | and compare data from the two sites
Station data with site
meteorologic data

F2 Monitoring of wind in | Examine layout of area and select locations far new wind monitoring stations.
the Cold Creek Valley | Analyze data and incorporate in characterization of atmosphernc dispersion
area

F3 Assessment of wind Process data from temporary stations. Determine wind characteristics at each
data from temporary site. Incorporate results in charactenzation of atmospheric dispersion
monitoring station

Fa Assessment of extreme | Review existing analyses. Upgrade analyses where appropriate and publish
meteorologic events results

F5 Tracer testing of Test equipment and pracedures. Conduct preliminary experiments, analyze
atm OSﬁheﬁc dispersion | data, and modify experimental design. Conduct major set of experiments and
from the proposed analyze results
repository

F6 Modeling of Select candidate models and canduct simulations. Identify worst-case
atmospheric dispersion | scenarios

F7 Characterization of Gather existing data and obtain a preliminary characterization, Identify sites
spatial variationn for which additional data are required and deploy instrumentation. Evaluate
precipitation past method for coliecting precipitation

F8 Characterization of Identify existing sources of data Determine sites for which additional data
spatial variation of are required. Collect and analyze new data
atmospheric moisture

The sites for existing monitoring equipment were selected in part on the

PsT88-2014.8.3.1.5-7

basis of the location of population centers near the Hanford Site and the
atmospheric transport from Hanford Site facilities into particular areas.

Because of the lack of a significant population center in the near vicinity of
the site's western boundary and the relative infrequency to transport in this
direction, only three monitoring locations are located to the west through
northwest of the proposed repository location. In order to more accurately
estimate transport pathways and diffusion characteristics when winds do blow
into this region, additional monitoring stations are required in the Cold
Creek Valley area and neighboring hills.

For the first stage of this analysis, researchers would examine the
layout of the Cold Creek Valley and other potential transportation corridors
to the west and northwest of the proposed repository Tlocation. Appropriate
sites for the deployment of additional wind-monitoring stations would be
jdentified. Data to be collected at these stations would include wind
direction, wind speed, and temperature. Data on precipitation (see
Analysis F7) and atmospheric moisture (see Analysis F8) might also be
collected at these sites. The next stage would be to analyze the new data.
An evaluation would be made as to whether the new monitoring locations were
providing useful information. Based on this analysis, some of the new
stations might be moved to different locations while others might be removed
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entirely. Additional stations might also be required. The final network of
new stations would operate for a number of years; data from these stations
would be combined with data from the existing monitoring network for use in
characterizing and modeling atmospheric dispersion.

8.3.1.5.5.3.1.3 Analysis F3--Assessment of wind data from temporary
monitoring stations. In addition to the meteorologic monitoring at the
Hanford Meteorology Station and the 23 other wind and temperature-monitoring
tocations deployed through the area, there are several temporary 9.1-m (30-ft)
meteorologic towers depioyed at various locations to examine the local wind
regime. Although data have been coliected at several locations, data from
these stations have not been analyzed in detail. Analyses of these data might
reveal some new information on atmospheric transport patterns and local wind
flows at critical locations.

The first stage for this analysis would be to process the data from
temporary stations (including the performance of basic quality assurance
checks). The next stage would be to analyze the data, determining the wind
regimes at each site. Wind data would be examined as a function of season,
time of day, and atmospheric stability. The third stage would be to compare
data from the temporary stations with corresponding data from neighboring
stations that are part of the permanent monitoring network. The final stage
would be to incorporate results of these analyses into the atmospheric
dispersion models to be used to estimate environmental impacts.

8.3.1.5.5.3.1.4 Analysis F4--Assessment of extreme meteorologic events.
The proposed repository should be constructed in an area that is not
characterized by frequent and intense extreme meteorological events. Such
events include tornadoes, hurricanes, high winds, dust storms, heavy
precipitation (both rain and snow), ice storms, lightning, and hail storms.
If these events are unexpected and unprepared for, they could have devastating
impacts on repository operations and safety. For example, the high winds,
pressure gradients, and blowing debris associated with severe tornadoes can
destroy or damage buildings, transportation vehicles, and heavy equipment.
Lives can be lost and the integrity of some safety systems jeopardized. Heavy
rains associated with severe storms can flood underground facilities. In the
winter, snow loads could unduly stress building roof supports. Blizzards can
shut down local and regional transportation routes, forcing a halt to
operations and stranding workers.

Research has already been performed to decument the frequency of
occurrence and intensity of some severe weather events (e.g., tornadoes are
addressed in Ramsdell and Andrews (1986)). In some cases, published research
has involived the analysis of a limited meteorological data base that is much
smailer than the data base currently available. For other events, a detailed
analysis of the existing data has never been conducted. Therefore, the first
stage of this analysis would involve the review of existing analyses of
extreme meteorological events and a determination of the adequacy of each
analysis. New analyses would be performed for events determined to be
inadequately characterized.
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The second stage of this analysis would involve conducting analyses of
severe weather events for which no previous anaiyses exist and upgrading
analyses that do not adequately determine the frequency and intensity of the
event under consideration. Available data would be analyzed and updated where
appropriate, and the results of new studies would be published.

8.3.1.5.5.3.1.5 Analysis F5--Tracer testing of atmospheric dispersion
from the proposed repository. Although the network of wind-monitoring
stations provides an excellent indication of atmospheric transport near the
surface, it does not provide information about transport at higher elevations,
interactions between the winds at different elevations, vertical velocities,
or splitting of the flow near complex terrain features. To determine the
accuracy of the models to be used to simulate atmospheric transport and
diffusion processes, some direct monitoring of atmospheric dispersion is
required. Measurements of atmospheric dispersion would then be used to modify
these models to upgrade their performance for the Hanford Site.

Dispersion can be monitored through the use of an atmospheric tracer.
Such tracers are gases or particles with properties that allow them to be
detected in exceedingly small concentrations. One class of gaseous tracers
are perfluorocarbon compounds. Some perfluorccarbon compounds have almost
nonexistent background concentrations; therefore, very small quantities of
these tracers are required for detection. Thus, comparatively small
quantities need to be released. Because several different perfluerocarbon
compounds make good tracers, multiple releases using different compounds can
be conducted during a single experiment. A relatively simple, automated
system exists for the ground sampling of perfiuorocarbons.

Tracer testing would involve releases from the proposed repository
location under a variety of meteorological conditions. Tracer releases under
conditions in which atmospheric transport would be ‘toward the southeast and
east would allow an examination of the interactions between the wind field and
the complex terrain on the east side of the Columbia River. Transport to the
west and northwest would provide information about dispersion within the Cold
Creek Valley or up the Columbia River.

The first stage for this analysis would be to test equipment, tracer
release procedures, sampler setup procedures, and laboratory processes. The
next stage would involve conducting preliminary experiments to examine ground
level concentrations of a released tracer along the Hanford Site fenceline.
In these experiments, a single array of samplers would be installed on the
Columbia River border of the Hanford Site along the most common atmospheric
transport route for releases from the repository site.

The third stage would be to analyze the data collected from the
preliminary experiments. Based on the results of these experiments,
modifications would be made to the experiment design for the main set of
experiments.

The fourth stage would be the major set of the dispersion experiments.
Sampling instrumentation would be set up in multiple arcs. The first arc
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might be set up within the Hanford Site, the second arc might be along the
site boundary, and the third arc might correspond to populated areas further
downwind, such as arc from Kennewick, through Pasco, or Eltopia, Washington.
Sampling arcs would be moved to the west or northwest for tracer releases when
atmospheric transport would carry material in those directions.

The final stage would be to analyze the data collected in the main series
of experiments. Based on the results of these analyses, atmospheric
dispersion models can be tested and refined to provide the best simulation of
atmospheric dispersion using typically available data.

8.3.1.5.5.3.1.6 Analysis F6--Modeling of atmospheric dispersion. The
simulation of atmospheric dispersion from the proposed repository location is
required to accurately estimate the radiological exposures that would result
from routine releases to the atmosphere or accidental releases. Emphasis
would be placed on identifying any scenarios that produced radiological
exposures that violated the established guidelines.

The first stage for this analysis would be to select candidate
atmospheric dispersion models for test runs to determine which, if any, is
best suited to modeling atmospheric dispersion from the proposed repository
location. The second stage would be to conduct a long-term simulation of
releases from the proposed repository location to determine the prevailing
transport pathways and the areas that could be most severely impacted by
atmospheric releases. The third stage would be to identify the worst-case
scenarios for atmospheric releases. A careful examination would be conducted

to determine if any of the dose limits presented in the issues focusing on
radiological impact would be vielated.

8.3.1.5.5.3.1.7 Analysis F7--Characterization of spatial variation
in precipitation. The existing network of precipitation samplers needs to be
expanded to characterize the spatial variation of precipitation in the Pasco
Basin. Since the establishment of the Hanford Meteorology Station, the Tiquid
water content of precipitation (rainfall and melted snow and ice) has been
measured on an hourly basis. In addition, separate measurements of hourly
snowfall are made. In recent years, measurements of the total Tiquid water
content of precipitation have been made at a number of monitoring locations on
the Arid Land Ecology reservation that occupies the southwestern portion of
the Hanford Site. Data from this network of precipitation samplers are stored
at the Hanford Meteorology Station but have undergone only Tlimited analysis.
Additional precipitation monitoring has been performed by a number of
researchers at several locations on the site. Sampling was conducted for
limited periods of time to provide information for hydrological and biological
studies.

Previous limited studies indicate that precipitation amounts show a
significant variation with elevation in the western portion of the Hanford
Site. Understanding the spatial variation in precipitation is important for
computing groundwater recharge and for determining the total amount of
precipitation falling into a valley from which flood waters may flow.
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The first stage for this analysis would be to gather existing data on
precipitation at the Hanford Meteorology Station and other monitoring
locations. The data would then be examined to obtain a preliminary
characterization of the spatial variation of precipitation across the Hanford
Site; data not meeting minimum quality assurance standards would not be
analyzed. Locations would be identified at which additional monitors need to
be deployed.

The second stage would be to install monitoring equipment at the sites
identified for additional monitoring. In particular, the Cold Creek Valley
and surrounding slopes are of key interest to hydrologists. Some
precipitation data are currently available from this region, but they are
insufficient to characterize local precipitation in the detail that is
required.

The third stage would be to analyze the data as available and to provide
raw data to project hydrologists.

The final stage would involve evaluating past methods of collecting
precipitation data to determine the adequacy of these methods. Experiments
would be conducted in which gages with wind shields and superior collection
surfaces would be operated in the vicinity of older precipitation collection
devices. The data from different sets of instruments would be compared and
researchers would try to determine if there are systematic differences between
the values recorded by the instruments and how these differences vary as a
function of certain meteorological conditions (e.g., wind speed and
temperature). The characterization of systematic differences between
different types of monitoring instruments would allow a postprocessing of
existing data to resolve discrepancies caused by the instrumentation.

8.3.1.5.5.3.1.8 Analysis F8--Characterization of spatial variation of
atmospheric moisture. Evaporation and evapotranspiration rates are important
parameters for calculating groundwater recharge rates. The estimation of
evaporation rates requires data on solar insolation, relative humidity,
temperature, wind speed, and other parameters. For estimating
evapotranspiration rates, additional information is required on soil
characteristics, vegetation type and density, and other parameters. Of the
meteorclogical parameiers needed for estimating these rates on the Hanford
Site, the least is known about the atmospheric moisture.

Atmospheric moisture can vary greatly over a short distance due to the
presence of surface water, irrigation activities, or changes in vegetation.
Relative humidity is routinely monitored at the Hanford Meteorology Station
and more recently at sites established for hydrologic research. To better
understand the spatial variation of relative humidity in key areas where
hydrologists need to complete groundwater recharge, additional monitors will
have to be deployed to measure atmospheric moisture.

The first stage for this analysis would be to identify existing sources

of data on atmospheric moisture. The second stage would be to consult with
hydrologists and determine the sites for which additional data are required
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and then arrange for the deployment of additional monitors at these Jocations.
Consideration will be given to colocating monitors at sites where wind,
precipitation, and other meteorological data are also required. The final
stage would involve the collection and analysis of data. Once data are
collected and appropriate quality assurance checks have been compieted, the
data would be made available to hydrologic researchers.

8.3.1.5.5.4 Application of results

Resuits of the proposed data-gathering tasks will be used to increase
knowledge of the meteorology of the site and characteristic atmospheric
dispersion. This knowledge will be used to address the issue focusing on
severe weather events and the issues focusing on radiological exposures to
workers and the public,

Data on certain meteorological parameters will be directly provided to
hydrologists for studies of surface and groundwater. In particular, these
data would be used to estimate groundwater recharge rates. Data summarizing
the available observations would provide input to the past climate and future
climate studies to satisfy needs for modern climate data bases.

Information on site meteorology and atmospheric dispersion will be used
for site selection, facility design, construction and operations scheduling,
routine environmental monitoring, and emergency response applications.

8.3.1.5.5.5 Schedules and milestones for investigation

Figure 8.3.1.5-8 shows the schedules and selected milestones for this
investigation. Work on the analyses supporting this investigation will begin
early in the first year of study with initial planning sessions and field work
to set up instrument packages. The early focus will be on the analyses that
examine the representativeness of existing meteorological data for the
proposed repository location (Analysis Fl), monitor the winds of the Cold
Creek Valley (Analysis F2), and obtain additional information for
characterizing the spatial variation of precipitation (Analysis F7) and
moisture (Analysis F8). For analyses involving data collection, a minimum of
2 yr of new data will be collected before final analyses are conducted. Work
on the remaining analyses (Analysis F3 through F6) will begin in the middle
portion of the first year of study. Analysis of extreme meteorological events
(Analysis F4) and wind data from temporary monitoring stations (Analysis F3)
would be completed early in the third year of study. Field work for the
atmospheric tracer testing analysis (Analysis F5) would be conducted late in
the first year of study and continue through the next year. Results of these
analyses would be available by the third or fourth year of study. Preliminary
modeling work (Analysis F6) would be conducted simultaneously with the other
anaiyses, particularly the tracer testing analysis. Final modeling would be
conducted after the completion of the tracer testing analysis and completed by
the end of site characterization.
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TIME

SITE METEORQLOGY

v 1 CHARACTERISTICS AND SPATIAL VARIATION OF PRECIPITATION PROVIDED TO THE SURFACE WATER SYSTEM $TUDY.

v 2 COMPLETE SITE METEOROLOGY INVESTIGATION

Figure 8.3.1.5-8.
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Schedule and selected milestones of the site meteorology investigation.

14vi0 NOILVLINSNOD



5593 2 2

25

9

CONSULTATION DRAFT

8.3.1.5.6 References

Ahibrandt, T. S., 1983. "Aolian Sediments and Processes," in Developments in
Sedimentology, M. E. Brookfield and T. S. Ahlbrandt (eds.), Elsevier
Publishing, New York, New York, 660 pp. [MF 4851]

Andrews, J. T., and M. A. W. Mahaffy, 1976. "“Growth Rate of the Laurentide
Ice Sheet and Sea Level Lowering (with emphasis on the 115,000 bp sea
level low)," Quaternary Research, Vol. 6, pp. 167-183, [MF 1208]

Arigo, R., S. E., Howe, and T. Webb, III, 1984. Climate Calibration of Pollen
Data: A User's Guide for the Applicable Computer Programs in the
Statistical Package for Social Sciences (SPSS), NUREG/CR-3847,

U.S. Nuclear Regulatory Commission, Washington, D.C., 36 pp. [MF 4578]

Baker, R. G., 1983. "Holocene Vegetational History of the Western United
States,” The Holocene, H. E. Wright, Jr. (ed.)}, University Minnesota
Press, Minneapolis, Minnesota, pp. 109-127. [MF 1220]

Baker, V. R., 1973, "Paleohydroliogy and Sedimentology of Lake Missoula
Flooding in Eastern Washington," Geological Society of America Special
Paper, Vol. 144, pp. 4 and 21. [MF 0028]

Baker, V. R., and R. C. Bunker, 1885. "Cataclysmic Late Pleistocene Flooding
from Glacial Lake Missoula: A Review," Quaternary Science Reviews,
Vol. 4, pp. 1-41. [MF 3123}

Barnett, T. P., 1981, "Statistical Prediction of North American Air
Temperatures from Pacific Predictors," Monthly Weather Review, Vol. 109,
pp. 1021-1041. [MF 4579]

Barnosky, C. W., 1985. "Late Quaternary Vegetation from the Southwestern

Columbia Basin, Washington," Quaternary Research, Vol. 23, pp. 109-122.
[MF 1227]

Bartlein, P. J., and T. Webb, 1985. "Mean July Temperature at 6,000 yr bp in
Eastern North America: Regression Equations for Estimates from Fossil-
Pollen Data. Syllageus 55 (Climate Change in Canada 5; Critical Periods
in the Quaternary Climatic History of Northern North America)," Natural
Museums of Canada, C. R. Harrington (ed.}, National Museum of Natural
Sciences, Ottawa, pp. 301-344. {MF 1233]

Bartiein, P. J., T. Webb, and E. C. Fleri, 1984. "Holocene Climatic Change in
the Northern Midwest: Pollen-Derived Estimates," Quaternary Research,
Vol. 22, pp. 361-374. [MF 1234]

Berger, A. L., 1978a. ‘“Long-Term Variations of Caloric Insolation Resulting

from Earth's Orbital Elements," Quaternary Research, Vol. 9, pp. 139-167.
[MF 0705]

8.3.1.5-96



9 2

255503 23

CONSULTATICN DRAFT

Berger, A. L., 1978b. "Contribution n° 18 Mai 1978: A Simple Algorithm to
Compute Long Term Variations of Daily or Monthly Inseolation,” Institut
d/Astronomie et de Geophysique, Universite' Catholique de Louvain,
Appendix 1979, Apendix B, 1979. [MF 3035]

Birks, H. J. B., 1981. "The Use of Pollen Analysis in the Reconstruction of
Past Climates: A Review," Climate and History, T. M. L. Wigley, et al.
(eds.), Cambridge University Press, pp. 111-138. [MF 1242]

Birks, H. J. B., and H. H. Birks, 1980. Quaternary Palececology, University
Park Press, Baltimore, Maryland, pp. 183-187. |[MF 1243]

Blasing, T. J., and H. C. Fritts, 1976. "Reconstructing Past Climatic
Anomalies in the North Pacific and Western North America from Tree-Ring
Data," Quaternary Research, Vol. 6, pp. 563-580. |[MF 1247]

Bowen, D. Q., 1978. Quaternary Geology, Pergamon Press, New York, New York.
[MF 1252]

Budd, W. F., and J. N. Smith, 1981. "The Growth and Retreat of Ice Sheets in
Response to Orbital Radiation Changes," Sea Level Ice and Climatic
Change, I. Allison {ed.), International Association of Hydrological
Sciences, Publication Number 131, pp. 369-409. [MF 1278]

Budd, W. F., D. Jenssen, and U. Radok, 1971. Derived Physical Characteristics
of the Antarctic Ice Sheet, Australian National Antarctic Research
Expeditions (ANARE), Interim Reports, Series A (IV), Glaciology,
Publication 120, Antarctic Division, Department of Supply, Melbourne,
Australia. [MF 3510]

Burden, R. L., and J. D. Fafres, 1985. Numerical Analysis: Third Edition,

Prindie, Weber & Schmidt Publishers, Boston, Massachusetts, pp. 586-589.
[MF 4441}

Clarke, G. K. C., W. H. Mathews, and R. T. Pack, 1984. "Qutburst Floods from
?1ac1a1 %ake Missoula," Quaternary Research, Vol. 22, pp. 289-299.
MF 1290

CLIMAP, 1976. "The Surface of the Ice-Age Earth," Science, Vol. 191,
pp. 1131-1137. [MF 0169]
%

CLIMAP, 1981.V Seasonal Reconstructions of the Earth's Surface at the Last
Glacial Maximum, Geological Society of America Map and Chart Series,
MC-36, Boulider, Colorado. [MF 1295]

Compton, R. R., 1962. Manual of Field Geology, John Wiley and Sons, Inc.,
New York, New York. |[MF 4445]

Craig, R. G., and J. P. Hanson, 1986. Erosion Potential from Missoula Floods
in_the Pasco Basin, Washington, PNL-5684, Pacific Northwest Laboratory,
Richiand, Washington. [MF 3166]

803. 1-5"97



25550324

9 2

CONSULTATION DRAFT

Craig, R. G., and B. L. Roberts, 1984. "Seasonal Patterns of Precipitation
and Temperature in the Southwest U.S. at the Time of the Last Glacial
Maximum,” American Quaternary Association, Eighth Biennial Meetinga,
?rogram ?nd Abstracts, University of I11inois, Urbana, I1linois.

MF 3040

Craig, R. G., and M, P, Singer, 1984, "A Theoretical Study of Lake Missoula
Jokulhlaups in the Late Pleistocene," Geological Society of America
Abstracts with Programs, Vol. 16, No. 5, pp. 276-277. [MF 3009]

Cropper, J. P., and H. €. Fritts, 1986. A 360 Year Temperature and
Precipitation Record for the Pasco Basin Derived from Tree-Ring Data,
?0E/RL/0%830 -T46, Pacific Northwest Laboratory, Richland, Washington.

MF 1310

Davis, M. B., 1967. "Pollen Deposition in Lakes as Measured by Sediment
Traps," Geological Society of America Bulletin, Vol. 78, pp. 849-858.
[MF 1317]

Davis, M. B., L. B, Brubaker, and T. Webb, 1973. "Calibration of Absolute
Pollen Influx," Quaternary Plant Eco]ogy, H. J. B. Birks and R. G. West
(eds.), Blackwell Scientific PubTishers, Oxford, pp. 9-26. [MF 1318]

Diaz, H. F., 1986. "An Analysis of Twentieth Century Climate Fluctuations in
Northern North America," Journal of Climate and Applied Meteoro1ogy,
Vol. 25, pp. 1625-1657. [MF 4852]

DOE, 1986. Environmental Assessment, Reference Repository Location, Hanford
Site, Washington, DOE/RW-0070, U.S. Department of Energy, Office of
Civilian Radioactive Waste Management, Washington, D.C., p. 6-148.

[MF 3175}

DOE, 1987. General Guidelines for the Recommendation of Sites for Nuclear
Waste Repositories, Title 10, Code of Federal Regulations, Part 960,
U.S. Department of Energy, Washington, D.C. [MF 4849]

EPA, 1986*. Environmental Radiation Protection Standards for the Management
and Disposal of Spent Nuclear Fuel, High-Level and Transuranic
Radicactive Wastes, Title 40, Code of Federal Regulations, Part 191,
U.5. Environmental Protection Agency, Washington, D.C. [MF 4906]
»

Faegri, K., and J. Iversen, 1975. Textbook of Pollen Analysis, Hafner
PubTishing Company, New York, New York, 295 pp. [MF 1347]

Fritts, H. C., 1976. Tree-Rings and Climate, Academic Press, New York,
New York, 567 pp. |[MF 1356]

*A decision on July 17, 1987, by the U.S. Court of Appeals for the First
Circuit has required the EPA to recons1der its postclosure standards (Sub-
part B) in 40 CFR 191. Consequently, the standards in 40 CFR 191 may be
suybject to revision in the future.

8-3.1-5"‘98



25

2555103

9 2

CONSULTATION DRAFT

Fritts, H. C., 1985. '"Tree-Ring Analysis (Dendroclimatology)," The
Encyclopedia of Climatology, J. E. Oliver (ed.), Hutchinson-Ross,
Stroudsburg, Pennsylvania. [MF 1357]

Gates, W. L., 1976. "Numerical Simulation of an Ice-Age Climate With a Global
General Circulation Modei," Journal of Atmospheric Science, Vol. 33,
pp. 1844-1873. [MF 0717]

Gillespie, R., F. A, Street-Perrott, and R. Switsur, 1983. "Post-Giacial Arid
Episodes in Ethiopia Have Implications for Climate Prediction," Nature,
Vol. 306, pp. 680-683. {MF 1368]

Glen, J. W., 1955. "The Creep of Polycrystalline Ice," Proceedings of the
Royal Society London, Series A, Vol. 228, pp. 519-538. [MF 1370]

Grigoryan, S. S., M. S. Krass, and P. A, Shumskiy, 1976. "Mathematical Model
of a Three-Dimensional Non-Isothermal Glacier," Journal of Glaciology,
Vol. 17, pp. 401-417. [MF 1381]

Hasselmann, K., 1976. "Stochastic Climate Models, Part I, Theory," Tellus,
Vol. 28, pp. 473-484. [MF 1395]

Hays, J. D., J. Imbrie, and N. J. Shackleton, 1976. "Variations in the
Earth's Orbit: Pacemaker of the Ice Age," Science, Vol. 194, No. 4270,
pp. 1121-1132, Copyright 1976 by the AAAS. [MF 1396}

Heikkinen, 0., 1984. ‘"Dendrochronological Evidence of Variations of Coieman
Glacier, Mount Baker, Washington, U.S.A.," Arctic and Alpine Research,
Vol. 16, No. 1, pp. 53-64. [MF 1398]

Heusser, C. J., 1957, "Variations of Biue, Hoh, and White Glaciers in Recent
Centuries," Arctic, Vol. 10, pp. 139-150. [MF 1402]

Heusser, C. J., 1978. "Modern Pollen Rain of Washington," Canadian Journal
Botany, Vol. 56, pp. 1510-1517. ([MF 1403]

Heusser, C. J., 1983. "Vegetational History of the Northwestern United States
Including Alaska," Late Quaternary Environments of the United States, The
Late Pleistocene, Vol. 1, S. C. Porter (ed.), University of Minnesota
Press, Minneapolis, Minnesota, pp. 239-258. [MF 1404]

Heusser, C. J., L. E. Heusser, and S. S. Streeter, 1980. "Quaternary
Temperatures and Precipitation for the North-West Coast of North
America," Nature, Vol. 286, pp. 702-704. [MF 1405]

Howe, S. E., and T. Webb, 1983. "Calibrating Pollen Data in CTlimatic Terms:
Improving the Methods," Quaternary Science Reviews, Pergamon Press Ltd.,
Great Britain, Vol. 2, pp. 17-51., |[MF 1414]

Imbrie, J., and J. Z. Imbrie, 1980. "Modeling the Climatic Response to
Orbital Variations," Science, Voi. 207, pp. 943-953. [MF 1421]

8.301.5-99



233550326

9 2

CONSULTATION DRAFT

Jenssen, D., 1977. "A Three-Dimensional Polar Ice-Sheet Model," Journal
Glaciology, Vol. 18, No. 80, pp. 373-389. [MF 1432]

Karl, T. R., C. N. Williams, Jr., and P. J. Young, 1986. "A Model to Estimate
the Time of Observation Bias Associated with Monthiy Mean Maximum and
Mean Temperatures for the United States," Journal of Climatology and
Applied Meteorology, Vol. 25, pp. 145-160. [MF 4853]

Kay, P. A., and J. T. Andrews, 1983. "Re-evaluation of Pollen-Climate
Transfer Functions in Keewatin, Northern Canada," Annualis Association
American Geographers, Vol. 73, pp. 550-559. [MF 1435]

Kerr, R. A., 1984, "Climate Since the Ice Began to Melt," Science, Vol. 226,
No. 4672, pp. 326-327. [MF 1438]

Klein, W. H., 1985. "Space and Time Variations in Specifying Monthly Mean
Surface Temperature from the 700 mb Height Field,"” Monthly Weather

Kukla, G., A. Berger, R. Lotti, and J. Brown, 1981. ™"Orbital Signature of
Interglacials," Nature, Vol. 290, pp. 295-300. [MF 1442]

Kutzbach, J. E., and P. J. Guetter, 1984, "Sensitivity of Late-Glacial and
Holocene Climates to the Combined Effects of Orbital Parameter Changes
and Lower Boundary Condition Changes," Annals of Glaciology, Vol. 5,
pp. 85-87., [MF 3019]

Kutzback, J. E., and H. E. Wright, Jr., 1985, *SimuTlations of the Climate of
18,000 Years B.P.,: Results for the North American/North

Atlantic/European Sector and Comparison with the Geologic Record of North
America," Quaternary Science Reviews, Vol 4, pp. 147-187. [MF 4606]

Mack, R. N., and V. M. Bryant, Jr., 1974. "Modern Pollen Spectra from the
Columbia Basin, Washington," Northwest Sciences, Vol. 48, No. 3,
pp. 183-194, [MF 1467]

Mahaffy, M. W., 1976. "A Three-Dimensional Numerical Model of Ice Sheets:
Tests of the Barnes Ice Cap, Northwest Territories," Journal of
Geophysical Research, Vol. 81, No. 6, pp. 1059-1066. [MF 1469]

Manabe, S., and A. H. Broccoli, 1884, "The Influence of Continental Ice
Sheets on the Climate of an Ice Age," Journal of Geophysical Research,
Vol. 90, pp. 2167-2190., ([MF 1470]

Mathewes, R. W., and L. E. Heusser, 1981, “A 12,000 Year Palynological Record
of Temperature and Precipitation Trends in Southwestern British
Columbia," Canadian Journal Botany, Vol. 59, pp. 707-710. [MF 1472]

McInnes, B., U. Radok, W. F. Budd, and I. N. Smith, 1985. On the Surging
Potential of Polar Ice Streams, "Part 1, Stiding and Surging of Large Ice
Masses--A Review," CIRES, 53 p. [MF 4609}

8.3.1.5-100



9

CONSULTATION DRAFT

Mehringer, P. J., Jr., 1985. Late Quaternary Vegetation and Climates of
South-Central Washington, Unpublished Report to Pacific Northwest
Laboratory, Richland, Washington. [MF 1482]

Mehringer, P. J., Jr., and P. E, Wigand, 1986. "Western Juniper in the
Holocene,” Paper Presented at the Pinyon-Juniper Conference, Reno,
Nevada, January 13-16, 11 pp. (MF 4855]

Moore, T. C., Jr., 1973. "Late Pleistocene-Holocene Oceanographic Changes in
the Northeastern Pacific," Quaternary Research, Vol. 3, pp. 99-109,
[MF 1495]

Moore, T. C., Jr., L. H. Burckle, K. Geitzenauer, B. Lutz, A. Molina-Cruz,
J. H. Robertson, H. Sachs, C. Sancetta, J. Thiede, P. Thompson, and
C. Wenkam, 1980. "The Reconstruction of Sea Surface Temperatures in the
Pacific Ocean of 18,000 bo.," Marine Micropaleontology, Vol. &,
pp. 215-247. [MF 1436]

Mullineaux, D, R., R. E. Wilson, W. F. Ebaugh, R. Fryxel, and M. Rueben, 1978.
"Age of the Last Major Scabland Flood of the Columbia River Plateau in
Eastern Washington," Quaternary Research, Vol. 10, pp. 171-180 [MF 2350]

North, G. R., J. G. Mengel, and D. A. Short, 1983, "Simpie Energy Balance
Model Resolving the Seasons and the Continents: Application to the
Astronomical Theory of the I[ce Ages," Journal of Geophysical Research,
Vol. 88, No. Cll, pp. 6576-6586. [MF 4856]

NRC, 1985. Standard Format and Content of Site Characterization Plans for
High-Level-Waste Geologic Repositories, Draft Regulatory Guide 4.17,
Proposed Revision 1 to Draft Regulatory Guide 4.17, Office of Nuclear
Regulatory Research, U.S. Nuclear Regulatory Commission,

Washington, D.C., pp. 36-39. [MF 3556]

NRC, 1987. Disposal of High-Level Radiocactive Wastes in Geologic
Repositories: Licensing Procedures, Title 10, Code of Federal
Regulations, Part 60, U.S. Nuclear Regulatory Commission,
Washington, D.C. [MF 4903]

Overpeck, J. T., T. Webb, and I. C. Prentice, 1985. "Quantitative
Interpretation of Fossil Pollen Spectra: Dissimilarity Coefficients and
%he Meth?d of Modern Analog," Quaternary Research, Vol. 23, pp. 87-108.
MF 1518

Paterson, W. S. B., 1981. "Glacier Flow I: Ice Deformation," The Physics of
Glaciers, 2nd Edition, Pergamon Press, Inc., Elmsford, New York, pp. 83,
153-161. [MF 1522]

Pielke, R. A., 1984. Mesoscale Meteoroloqical Modeling, Academic Press Inc.
[MF 4354]

8.3.105-101



9

CONSULTATION DRAFT

Pollard, D., 1984. "Some Ice Age Aspects of a Calving Ice Sheet," in
Milankovitch and Climate Part II, A. L. Berger, J. Imbrie, J. Hayes,
G. Kukla, B. Saltzman (eds.), D. Reidel Publishing, Dordrecht,
Netherlands, pp. 541-546. [MF 1528]

Porter, S. C., K. L. Pierce, and T. D. Hamilton, 1983. "Late Wisconsin
Mountain Glaciation in the Western United States," The Late Pleistocene,
University Minnesota Press, Minneapolis, Minnesota, Chapter 4,
pp. 71-111. [MF 1532]

Prentice, I. C., 1985. "Pollen Representation, Source Area, and Basin Size:
Toward a Unified Theory of Pollen Analysis," Quaternary Research,
Vol. 23, pp. 76-86. [MF 1536]

Radok, U., R. G. Barry, D. Jenssen, R, A. Keen, G. N. Kiladis, and
B. J. Mcinnes, 1982. CLlimatic and Physical Characteristics of the
Greenland Ice Sheet, Parts I and II, Cooperative Institute for Research

in Environmental Sciences, University of Colorado, Boulder, Coiorado.
[MF 3558]

Ramsdell, J. V., and G. L. Andrews, 1986. Tornado Climatology of the
Contiguous United States, NUREG/CR-4461, U.S. Nuclear Regulatory
Commission, Washington, D.C., 292 pp. [MF 4857]

Rogers, J. C., 1976, "Sea Surface Temperature Anomalies in the Eastern North
Pacific and Associated Wintertime Atmospheric Fluctuations over North

America, 1960-73," Monthly Weather Review, Vol. 104, No. 8, pp. 985-993.
[MF 46171

Ruddiman, W. F., 1985. "“Climate Studies in Ocean Cores," Paleoclimate

Analysis and Modeling, A. D. Hecht (ed.), John Wiley and Sons, New York,
New York, pp. 198, 203-209, 223. [MF 1554}

Sachs, H. M., 1973. ™"Late Pleistocene History of the North Pacific: Evidence

from a Quantitative Study of Radiolaria in Core V21-173," Quaternary
Research, Vol. 3, pp. 89-98. |[MF 1558]

Saltzman, B. A., and A. Sutera, 1984. "A Model of the Internal Feedback
System Involved in Late Quaternary Climatic vVariation," Journal of
Atmosphere Science, Vol. 41, No. 5, pp. 736-745. [MF 4858]

Sarna-Wojcicki, A. M., D. E. Champion, and J. 0. Bavis, 1983. "Holocene
Volicanism in the Conterminous United States and the Role of Silicic
Voicanic Ash Layers in Correlation of Latest-Pleistocene and Holocene
Deposits," Late-Quaternary Environments of the United States, The
Holocene, H. E. Wright, Jr. (ed.), University Minnesota Press,
Minneapolis, Minnesota, Vol. 2, Chapter 5, pp. 52-57. [MF 1564]

Schlesinger, M. E., 1984, "Climate Model Simulation of COz - Induced Climatic
Change," Advanced in Geophysics, Vol. 26, pp. 141-235. [MF 4859]

8.3.1.5-102



CONSULTATICN DRAFT

Schlesinger, M. E., 1986. "Equilibrium and Transient Climatic Warming Induced
?y Increased Atmospheric C02," Climate Dynamics, Vol. 1, pp. 35-51.
MF 4860]

Sheaffer, J. D., and E. R. Reiter, 1985. "Influence of Pacific Sea Surface
Temperatures on Seasonal Precipitation over the Western Plateau of the
United States," Archives for Meteorology, Geophysics, and Bioclimatology,
Ser. A34, pp. 111-130. [MF 4621]

Sheppard, J. C., 1975. A Radiocarbon Dating Primer, Vol. 338, Washington
State University College Engineering Bulletin, Pullman, Washington,
p. 77. [MF 1576]

Silling, S. A., 1983. Final Technical Position on Documentation of Computer
Codes for High-Level Waste Management, NUREG-0856, Division of Waste
Management, Office of Nuclear Material Safety and Safeguards,

U.S. Nuclear Regulatory Commission, Washington, D.C., 12 pp. [MF 1049]

Simmons, A. J., and L. Bengtsson, 1984, "Atomospheric General Circulation
Models: Their Design and Use for Climate Studies," The Global Climate

Systemn, ?. Houghton (ed.}, Cambridge University Press, pp. 37-62.
MF 1577

Sims, J. D., 1975. ‘"Determining Earthquake Recurrence Intervals from
Deformational Structures in Young Lacustrine Sediments," Tectonophysics,
Vol. 28, pp. l142-152. [MF 4861]

Singer, M. P., and R. G. Craig, 1984. "Volume-Area-Depth Relations in the
Lake Missoula Basin," Geological Society of America Abstracts with
Programs 1984, Vol. 16, No. 5, p. 333. [MF 3027}

Stone, W. A., J. M. Thorp, 0. P. Gifford, and 0. J. Hoitnik, 1983.
Climatological Summary for the Hanford Area, PNL-4622, Pacific Northwest
Laboratory, Richland, Washington. [MF 0346]

Waitt, R. B., Jr., 1980. "About Forty Last-Glacial Lake Missoula Jopkulhlaups
Ehrough ?outhern Washington," Journal of Geology, Vol. 88, pp. 653-679.
MF 1035

Waitt, R. B., Jr., and R. M. Thorson, 1983. "The Cordilleran Ice Sheet in
Washington, Idaho, and Montana," The Late Pleistocene, S. C. Porter
(ed.), University Minnesota Press, Minneapolis, Minnesota, Chapter 3,
pp. 53-70. [MF 1634]

Waish, J. E., and M. B. Richman, 1981. "Seasonality in the Associations
Between Surface Temperatures over the United States and the North Pacific
Ocean," Monthly Weather Review, Vol. 109, pp. 767-783. [MF 4630]

Wang, H. F., and M. P. Anderson, 1982. Introduction to Groundwater Modeling:
Finite Difference and Finite Element Methods, W. H. Freeman and Company,
New York, New York, pp. 103-109. [MF 4444]

8.301.5"103



55033310

25

9 2

CONSULTATION DRAFT

Webb, T., III, 1985, A Global Paleoclimatic Data Base for 6000 yr B.P.,
TRO18, DOE/EV/10097-6, Carbon Dioxide Research Division, U.S. Department
of Energy, Washington, D.C. [MF 4631}

Webb, T., and D. R. Clark, 1977. "Calibrating Micropaleontological Data in
Climatic Terms: A Critical Review," Annuals New York Academic Sciences,

Wendland, W. M. and R. A. Bryson, 1981. "Northern Hemisphere Airstream
Regions,” Monthly Weather Review, Vol. 109, pp. 255-270. [MF 4862]

Willtiams, L. D., and T. M. L. Wigley, 1983. "A Comparison of Evidence for
Late Holocene Summer Temperature Variations in the Northern Hemisphere,"
Quaternary Research, Vol. 20, pp. 286-307. [MF 0752]

Winter, T. C., and H. E. Wright, Jr., 1977. "Paleohydrologic Phenomena
Recorded by Lake Sediments," EOS, Vol. 58, pp. 188-196. [MF 1648]

8.3.1.5-104



921 25585033 |

CONSULTATION DRAFT

SITE CHARACTERIZATION PLAN

Chapter 8 - SITE CHARACTERIZATION
PROGRAM

Section 8.3.1.6

Specific Program for Natural Resource Potential



503 3 2

1

9 2

THIS PAGE
INTENTIONALLY
LEFT BLANK



CONSULTATION DRAFT

TABLE OF CONTENTS

~SHIMNEPEREROONNPCO O

Page
ecific program for natural resource potential . . . .. 8.3.1.6~
8.3.1.6.1 Purpose and objectives . . . « « ¢ ¢ ¢« o o . . 8.3.1.6-~
8.3.1.6.2 Rat‘ionﬁle - L] [ ] L] . - . - . » » » - - - - - L] * 8-3-1.5"‘
8.3.1.6.3 Investigation of mineral, hydrocarbon,
and geothermal resource potential . . . . . . 8.3.1.6-1
8.3.1.6.3.1 Purpose and objectives . . . . . 8.3.1.6-1
8.3.1.6.3.2 Rationale . « « « &+ ¢« « & & « » 8.3.1.6-1
8.3.1.6.3.3 Description of study . . . . . . . 8.3.1.6-1
8.3.1.6.3.4 Application of results . . . . . . 8.3.1.6-2
8.3.1.6.3.5 Schedule and milestones . . . . . 8.3.1.6-2
8.3.1.6.4 Investigation of water resource potential . . . 8.3.1.6-2
8.3.1.6.4.1 Purpose and objectives . . . . . . 8.3.1.6-3
8.3.1.6.4.2 Rationala .« . « « ¢« « + « « « « «» B8.3.1.6-3
8.3.1.6.4.3 Description of study . . . . . . . 8.3.1.6-3
8.3.1.6.4.4 Application of results . . . . . . 8.3.1.6-3
8.3.1.6.4.5 Schedule and milestones . . . . . 8.3.1.6-3
8.3.1.6.5 References . . « « « o« « = e s s e o e o s« s . B8.3.1.6-3

25559333

2

8.3.1.6-11i1



Figure

8.3.1.6-1
8.3.1.6-2
8.3.1.6-3
8.3.1.6-4
8.3.1.6-5

8.3.1.6-6
80301-6"'7

CONSULTATION DRAFT

LIST OF FIGURES

Title
Locationmap . . . . . . . . .. s e e e e s e e e e e
Breakdown of investigations . . . .. .. . .. . .
Borehole Tfocations . . . . . . « . . . . . . e e

Location map for Columbia Basin exploration wells

Mineral, hydrocarbon, and geothermal resource

potential investigation scheduie . . . . . . . . . . ..

Organization of water resource potential study . .

Water resource potential investigation schedule .

8.3.1.6—?\/

L I

Page
8.3-1.6"3

8.3.1.6-5
8.3.1-6—17
8.3.1.6-21

8.3.1.6-29
80301.6-33
8.3.1.6-36



3550335

2

I

2

Table

8.3.1.6-1
8.3.1.6-2
8.3.1.6-3

8.3.1.6-4

8.3-1-6-5
8.3.1.6-6

CONSULTATION DRAFT

LIST OF TABLES

Title

Parameters addressed by natural resource potential
investigations . . . + ¢« ¢« ¢ 4 4 4 s e 0 e e . . .o

Tasks, tests, analyses for mineral, hydrocarbon, and
geothermal natural resource potential study . . . . ..

Columbia Basin exploratory wells . . . « « ¢« ¢« « + « « &
Major milestones and expected delivery dates

of mineral, hydrocarbon, and geothermal

resource potential investigation . . . + + + ¢« o . o ..
Factors influencing water resource development . . . . .

Major milestones and expected delivery dates
for water resource potential investigation . . . . . . .

8.3.1.6-v

Page

8.3.1-6"'7

8-3.106"’13
8-3.1.6"20

8.3.1.6-28
8.3.1.6-34

8.3.1.6-35



350336

2 5

|

9 2

This page intentionally ieft blank.

8.3-1.6-V1

CONSULTATION DRAFT



25550337

9 2

CONSULTATION DRAFT

8.3.1.6 Specific program for natural resource potential

This section presents site characterization plans for the evaluation of
the resource potential at the Hanford Site. The natural resources that are
considered in this section include hydrocarbon, geothermal, metallic and
nonmetallic minerals, fuel minerals (coal, peat, and uranium), and water.

Background

Present information on mineral and hydrocarbon resource potential of the
Pasco Basin and vicinity was summarized in Section 1.7. Section 8.3.1.6 is
based on previous reports focused on resources that occur on the Columbia
Plateau and in the vicinity of the Hanford Site. No resource evaluations have
been made on the Hanford Site because it has been closed to all exploration
activities since its establishment in the early 1940s. Prior to that time,
natural gas, gold placers, sand and gravel deposits, and basalts for crushed
rock products were known to occur on the site. Production records are not
available. Mineral resources known to occur within the Columbia Plateau
consist of Tow unit value minerals and rock products such as diatomaceous
earth, pumice, sand and gravel, and quarry rock. Low~grade gold-bearing
placer deposits along the modern Columbia River (Blalock Island) are the only
known mineral deposits that have the potential for high unit value.

Gas was first discovered in eastern Washington State in 1913 on the
northern flank of Rattlesnake Mountain, 19 km (12 mi) south of the controlled
area study zone. The Rattlesnake gas field produced from 1929 until 1941,
when production was ceased. The low-pressure, 16-well field apparently
produced from a porous basait reservior that was sealed by an overlying STay
layer. The source of the gas is unknown. A total volume of 37 x 10-&'m
(1.3 BCF) of gas was produced. Analyses of the gas_composition and BTU
content from several wells in the field were presented in Section 1.7
(Table 1.7-3). The Rattlesnake gas field is discussed under the hydrocarbon
resource component as a task in Section 8.3.1.6.3.3.

Renewed interest in explioration for oil and gas occurred in the early
19505 in the Columbia Plateau when several major 0il1 and gas companies
(Standard 0i1 Company of California, Shell, Texaco, Richfield, Union, Sohio)
conducted geologic investigations. These activities Ted to oil and gas leases
on several hundred thousand acres of land, with some major blocks adjacent to
the Hanford Site, and the drilling of one deep exploratory well., This deep
exploratory well (the Rattlesnake Hills Unit No. 1) was drilled by the
Standard 0i1 Company of California to a total depth of 3,250 m (10,655 ft) on
the Rattlesnake Hi1ls anticline adjacent to the southeast corner of the
Hanford Site. The well bottomed in Grande Ronde Basalt and recovered only
minor shows of gas.

In the early 1980s, several deep oil and gas explioratory wells drilled in

the Columbia Plateau near the Hanford Site penetrated the Columbia River
basalt section and encountered significant, natural gas with distillate in the

8.3.1.6-1
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sub-basalt sediments. The nearest of these exploratory wells (the Shell

BN No. 1-9) is located on the Saddle Mountain anticline approximately 26 km
(16 mi) north of the controlled area study zone. Drilling was compieted in
1984 to a depth of 5,343 m (17,518 ft); gas with distillate was recovered at a
depth of 3,660 m (12,000 ft) in the sub-basalt sediments. In August 1987,
Shell spud the Darcell-Western No. 1 well approximately 32 km (20 mi)
northeast of Pasco, Washington. These exploratory well results indicate there
is a potential for major reserves of hydrocarbons in the Columbia Plateau.

The Coid Creek syncline (Fig. 8.3.1.6-1) is considered a less
favorable Tocation to expiore for sub-basalt structural traps. However, this
tentative conclusion must be evaluated further during site characterization,
because it is based on the assumption that the structural configuration of the
sub-basalt sedimentary rocks can be determined by the present structure of the
overlying basalts.

Present information on geothermal resource potential has been summarized
in Sections 1.7 and 1.3.2.5. Low-temperature geothermal waters {ranging from
25 to 50 °C) are present at depths as shallow as 915 m (3,000 ft) in the Pasco
Basin and throughout the Columbia Plateau. With present technology, such
water could be used directly (e.g., space heating or agricultural uses), but
there is no recognized high-temperature potential for electrical generation.
Temperature measurements and surveys run in the boreholes on the Hanford Site
need to be assessed to determine if the geothermal rescurce potential is
similar to that indicated for the Pasco Basin and Columbia Plateau.

Surface water and groundwater resources of the Pasco Basin and vicinity
are discussed in Sections 3.3, 3.8, and 3.9.7. MWater is used primarily for
irrigation and industry, with a smaller percentage devoted to municipal and
domestic purposes. Surface water currently suppiies over 90% of the total
water demand in the Pasco Basin. Groundwater withdrawals are significant in
some areas (e.g., upper Cold Creek Valley). Demand for both surface water and
groundwater is likely to increase in the future, and the projected magnitude
of this increase must be evaluated as part of the site characterization.

Summary of program

Two resource potential investigations have been developed in order to
fulfill parameter needs derived from the issue resolution strategies (see
Section 8.2.1). The investigations will increase the present understanding of
resource potential at the Hanford Site and will provide the basis for
predicting future resource potential under varying sociceconomic conditions.
Information from resource potential.investigations is critical for an adequate
determination of site performance relative to the regulatory requirements for
potential for inadvertent human intrusion, groundwater travel time, and
radionuclide release. Changes in radionuclide release may occur due to human

8.3.1.6-2
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intrusion into the repository system during possible future resource
exploration or exploitation. Strategies to obtain the necessary information
and parameters on natural resource potential have been formulated for the
following two investigations:

1.

Investigation of mineral, hydrocarbon, and geothermal resource
potential. This investigation will evaluate potential resources
that occur in the Hanford Site. This evaluation requires that the
following information be obtained:

e Available data and analyses concerning known occurrences and
past and present production of each resource in the Columbia
Plateau.

e Published economic evaluations of resources within the Columbia
Plateau.

e Available and newly acquired data to be used to define and
evaluate geological conditions of each resource.

The information for each resource will be used to evaluate the
probability of the particular resource occurring within the
controlled area study zone on the Hanford Site. Resource
concentrations (quality and quantity) will be estimated for each
resource. These will be used to assess the present value of each
resource within the controlled area study zone. Alsge, the resource
evaluation of the controlied area study zone will include a
comparison of its resource occurrences to other analog areas of
similar size and geologic setting. The resuits of these analyses
will provide a basis for estimating the 1ikelihood for postclosure
human intrusion of the repository system during possible future
resource exploration and exploitation in the controlled area study
zone, which could result in an inadvertent loss of waste isolation.

Investigation of water resource potential. This investigation will
meet the need for understanding whether the development of surface
or groundwater resources could affect repository performance.
Future development of groundwater resources could alter vertical or
horizontal hydraulic gradients, potentially impacting groundwater
flow patterns in the controlled area study zone. Development of
surface water resources could affect repository performance mainly
by interactions with the groundwater system. In order to predict
how future water resource activities will alter the regional
groundwater system and hydrologic boundary conditions of the
controiled area study zone, the following information is needed:

e Identification of past, present, and potential water resource
activities.

8.3.1.6-4
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® Analysis of sensitivity of the groundwater system to changes in
water resource activities.

e Analysis of sensitivity of the groundwater system to changes in
water resource developemnt scenarios (i.e., combined water
resource activities).

Organization of Section 8.3.1.6

Figure 8.3.1.6-2 indicates the breakdown for the two resource potential
investigations. The investigation of mineral, hydrocarbon, and geothermail
resource potential (Section 8.3.1.6.3) will provide information to be used in
determining whether the exploration and exploitation of naturally occurring
resources could affect repository performance. The investigation of water
resource potential (Section 8.3.1.6.4) will provide information to be used in
determining whether the development of surface or groundwater resources could
affect repository performance.

The areas designated in these two investigations range from a small scale
(where a large area, such as the Columbia Plateau, is covered in less detail,
creating a generalized overview) to a large scale {(where a small area, such as
the controlled area study zone, is covered in greater detail). The six areas
that have been established for the investigations are the following: repos-
itory site, controlled area study zone, Cold Creek syncline, Pasco Basin, the
Hanford Site, and region. (The region includes the area beyond the Columbia
River Basalt Group boundary.) Figure 8.3.1.6-1 portrays these six areas.

SITE CHARACTERIZATION PROGRAM
CHAPTER 8

1

SECTIONS.3.1.6
NATURAL RESOURCE POTENTIAL

| |
MINERAL, HYOROCARBON
L c WATER RESOURCE POTENTIAL
AND GEQTHERMAL RESOURCE INVESTIGATION

POTENTIAL INVESTIGATION

MINERAL, HYDROCARBON, WATER RESOURCE
AND GEOTHERMAL RESOURCE POTENTIAL STUDY
| MINERALJ | HYDROCARBON | [GEOTHERMAL SURFACE WATER AND
GROUNDWATER

P587-2005-8.3.1.6-1

Figure 8.3.1.6-2. Breakdown of investigations.
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8.3.1.6.1 Purpose and objectives

The purpose of the two resource potential investigations is to evaluate
the naturally occurring resources of the Hanford Site. Objectives addressed
by these investigations are as follows:

¢ Identification of the mineral, hydrocarbon, and geothermal resource
potential of the Hanford Site.

e Assessment of the impacts of potential water resource development on
groundwater flow patterns and gradients.

Information from resource potential investigations is critical for an
adequate determination of site performance relative to the regulatory
requirements related to the potential for inadvertent human intrusion,
groundwater travel time, and radionuclide release. Changes in radionuciide
release may occur due to human intrusion into the repository during possibie
future resource exploration or exploitation. Strategies to obtain the
necessary information and parameters on resource potential have been
formulated and are discussed under both investigations.

B8.3.1.6.2 Ratijonale

An evaluation of the resource potential of the Hanford Site is required
to assess the presence of appreciable quantities of naturally occurring
material identified as a resource and the potential for human intrusion into
the repository system during possible future exploration for and exploitation
of natural resources within the controlled area study zone. Justification for
obtaining this information is based on the following:

¢ Regulations 10 CFR 60.122 (NRC, 1987) and 10 CFR 960.4.2.8 (DOE,
1987), which define favorable, adverse, and disqualifying conditions
related to natural resource exploration and exploitation; Regulation
40 CFR 191.16 (EPA, 1986), which defines protection of special
sources of groundwater.

e Issues and parameters derived to address these regulations
(Tabie 8.3.1.6-1 and Section 8.2). The two resource potential
investigations provide input to performance parameters associated
mainly with Issues 1.1 and 1.8, and Potentiaily Adverse Conditions
No. 2, 17, and 18. In addition, the water resource potential
investigation will provide input to Issue 1.3.

The parameters developed in these investigations support the performance
parameters. The performance parameters evolved from the informational needs
of the issues and address the general natural resource potential
characteristics of the Hanford Site and the region. The supporting parameters
provide specific geologic data that help in fulfilling the performance
parameters, which in turn are used in resolution of the issues. The

8.3.1.6-6



[~9°1°€"8

Table 8.3.1.6-1.

Parameters addressed

9 2

l 255585923

43

by natural resource potential investigations (sheet 1 of 3)

: Scalef Tentative parameter goal Needed . Current
Parameter Issue Supporting parameter location or needed accuracy confidence Current estimate confidence Study Test'taskfanalyses
Probability of occurrence of 11 No goal High
human intrusion {deilling,
fluid injection/withdrawaly®
o Shallow well pumping 13 Fixed costs Pasco Basin | No goal TBD 8D 8D {&) Water resource
Variable costs development costs
o Surface well pumping 1.3 Fized costs Pasco Basin | No goal 18D T8D TaD (53] Watet resource
Variable ¢osts development costs
o Water purification 1.3 Fixed costs Pasco Basin | Mo goal 180 YBD T8D () Water resqurce
Variable costs development costs
s Water distribution 1.3 Fixed costs Pasco Basin | No goal 18D 18D TBD (b} water resource
Variable costs development <osts
o Deepwell pumping 1.3 Fixed costs Pasco Basin § No goal TBD 18D TBD (b} Water resource
Variable costs development ¢osts
o Potential for quantities 1.8 Previous exptoration and Region Identify previous High Data available for Medium ) Information compilation
of mezallic and nonme- PAC17) | production exploration/preduciion identification task
tallic minerals in inter-
beds and suprabasaits {dentity base and precious Hanford! | Idenufication of base and High Samples available and 10 be Low © Assay tests resource value
[exploration! metals CASZ precious metals collected for analysis probabulity analysis
exploitation)
Present exploration and Region wentily present High Data available for Medium (3] Monitoring task
production exploration/production identification
Existing deposits Regqion identification of existing High Data available for Medium {¢) Information compilation
deposits identification task
Geologicsetting Region Ascertain geologic setting High Data available for Medium (4] Information compilation
astertaining geologic task
setting
Geologre history Region Ascertain ggologic history High Data avaitable for Medium i} Analog comparison task
ascertaiming geologic
: history
Present-day value Hanford/ | Determine present-day High Data o be collected Low (f) Present-day value analysis
LASZ value fanalog comparison}
« Potential for economic 1.8 Previous exploration and Region Identify previous High Data available for Medium (<) Infarmation compilation
quantities of hydro- {PAC 17} | production explorationproduction identification task
carbons in interbeds/ ) ) '
beneath basalts Present exploration Region Identily present High Data avallable for Medium {c) Monitoring task
{exploration! potential exploration/pioduction identification
exploitation)
Sub-hasalt stratigraphy and Pasco Identify sub-basalt High Geologic and geophysical Low (c} Stratigraphic and structural
structure Basin/ stratigraphy and structure data available and 10 be task
Cas2 collected
Hydrocarbon evaluation of Region Ascertain source and High samples to be collected and Low {<) Geochemical tests and
source rock and reservoir FEseTvoir rocks tested geophysical tests
rock

P5787-2005-8.3.1.6-1
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Parameters addressed by natural resource potential investigations (sheet 2 of 3)

. Scales Tentative parameter goal Needed . t
Parameter Issue Supporting parameter lotation or needp:d accurar.e confidente Current estimate coﬁ\l‘h{:ﬂ;:w Study Testftask/analyses
o Potential for economic 18 Basin anatyses Pasco Basin | Analyses of basin High Data available for analyses Low () Burial and thermal analyses
quantities of hydro- {PAC 17} ) !
carbons in interbeds/ {cont.} | Hydrocarbon prospects Region identify hydrocarkon High Data available and 1o be Low (3] Hydrocarkon potential
beneath basalts R Ospects collected for prospect analysis
{explorations dentification
exploitation) (cont.)
Present-day value Hanford! | Determine present-day High Data t¢ be collected Low (3] Present-day value analysls
CASZ value
o Potential for economic 1.8 Previous exploration/ Region Identify previous High Data available for Medium (4] Information compitation
eothermal resources {PAC17) | production explotation/production identification task
exploration’
exploitation} Present exploration/ Region  [.Identify present High Data avallable for Medium {) Monitoring task
production explorationproduction identification
Geothermal gradient Region/ Ascertain geothermal High Data available for Medium {c} Temperature analysis
CASZ gradient ascertaining geothermal
gradient
Geothermal environment Region Ascertaln geothermal High Data available for Medium {) Temperature analysis
environment ascertaining geothermal
environment
Thermal conductivity of Region identity thermal High Samples to be collected and Low (4] Thermal conductivity tests
stratigraphic section conductivity of tested
stratigraphic section
Heat flow Region Ascertain heat flow High Data available and to be Low () Heat flow analysis
collected for analysis
Geothermal prospects Region Identify geothermal High Data available and to be Low (<) Geathermal |I:>otentlal
prospects collected for prospect analysls (analog
identification comparison)
Present-day value Hanford! | Determine present-day High Data to be collected Low () Present-day value analysis
CASZ value
Hydfaulié gradient across the 11 Region/ | Head value +2 m (6.6 ft)
CASZ 3 CASZ Flux value £20%
e Hydraulic flux across 1.8 Population projections Pasco Project populations High Data available to project Medium {n) Kentification of water
CASZ boundaries (PAC 2) Bas;nl populations resgurce activities
CASZ
Groundwater demand Pasco Identify groundwater High Data avallable to identify Low (] identification of water
Basin/ demand groundwater demand resource activities
CASZ
Projected cropland Pasco Project croptand High Data avaltable to project Low ®) Identification of water
distribution for irrigation Basin/ distribution for irrigation cropland distrilbution for resource activities
CASZ irrigation
Crop or land cover Pasco 1dentify crop or land cover High Data availatde for Low (2] Identification of water
Basly/ identification resource activities
CASZ
Surface water avallahility Pasco Identify surface water High Data available to identify Low {b} Kdentification of water
forincreased irrigation Basin/ avaitability for increased surface water availability resource activities
CASZ irrigation

P5T87-2005-8.3.1.6-1

14¥d40 NOILVLINSKOD



6-9°1°¢°8

Table 8.3.1.6-1.

9

2

Parameters addressed by natural resource potential investigations (sheet 3 of 3)

Scales

Needed

Current

: Tentatwve parameter goal .

Parameter lssue Supparting parametet focation of needed accuracy confidence Current estimate confidence Study Testitaskianalyses
Hydraulic flux across 1.8 Prebability of fluid waste Pasco Deteremine probability of High Data available to Low () Kientification of water
CA' undaries (PAC2} | injection Basin/ fluid waste injection determine probability resource activities
{cont.} {cont.) CASZ .

Predicted volume of fluid Pasco Predict volume of flud High Data available Low {b} Identification of water
wasie Injection Basin/ waste injection resource activities
CASZ
Predicted compasition of Pasco Predict composition of fluid High Data available Low {b}) Idenufication of water
fluid waste Basin/ Jvaste resource activities
CASZ ;:
Predicted stratigraphic Pasco Predict stratigraphic High Data available Low {b) Identification of water
harizon of fluid waste Basiny horizon of fluid waste resource actvities
injection CasZ mjection
Borehcle probalilities 18 Probabihity of groundwater Pasco Develog probability High Based on current data Low {b) tdentification of water
{PAC 2) boreholes as a function of Basin/ distibuuon available to detine resource activities
tme CASZ probability distribution
Probability of dam 1.8 Energy demand Region Determune probability High Data 10 be collected to Low (3] 1denthication of water
canstruction {PAC 2) determine probability resaurce activities
Geothermal production 13 Geothermal potential CASZ Identify geothermal High Data avallakle and to ke Low {c} Geothermal potential
(PAC2) potentia collected to identif: analysts
geothermal potential
Hydracarbon 1.8 Hydrocarbon patential CASZ Identify hydrocarbon High Data available and to be Low (c} Hydrocaibon potentidl
production {PAC 2) potential collected to tdentity analysis

hydrocarbon potential

NOTE: CASZ = Conurolled area study zone.
PALC = Potentally adverse condion.

aperformance parameter (Issue 1.1) supported by issues and parameters listed below.

byvater resource potential study.
“Mineral, hydrgcarbon, and geothermal resource potential study,
dhese parameters will be determined by the indicated studies and analyses In conjunction with ather studies {e.g.. regional groundwater study).

PST87-2005-8.3.1.6-1
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relationship between the performance and the supporting parameters, as well as
the associated issues, are indicated in Table 8.3.1.6-1. This table also
lists the goals and accuracies required for the various parameters.

Imptlicit to these investigations is the assumption that the value to
future generations of potential resources can be assessed adequately from
information available at the present time.

8.3.1.6.3 Investigation of mineral, hydrocarbon, and
geothermal resource potential

Reports on resources that occur in the vicinity of the site are discussed
in Section 1.7. These reports were used to develop the baseline for the
resources that are presently known to occur within the Columbia Plateau.

These reports were also used to focus on one study (of the same name as the
investigation) with three components (see fig. 8.3.1.6-2). The three
components are Tisted below.

¢ Metallic, nonmetallic, and fuel minerals (Section 8.3.1.6.3.3.1).
e Hydrocarbon resources (Section 8.3.1.6.3.3.2).
e Geothermal resources (Section 8.3.1.6.3.3.3).

8.3.1.6.3.1 Purpose and objectives

The purpose of this investigation is to evaluate the potential for the
presence of mineral, hydrocarbon, and geothermal resources at the Hanford
Site. Objectives of this investigation are as follows:

o Identification of known occurrences and past and present production
of each resource in the Columbia Plateau.

o Review of economic evaluations of resources within the Columbia
Plateau.

o Identification of the quality and quantity of resources at the
Hanford Site using availabie and newly acquired data.

The geological, geophysical, and geochemical information for each
resource will be used to evaluate the probability of the particular resource
occurring within the controlled area study zone on the Hanford Site. The
resource concentrations (quality and quantity) estimated for each resource
will be used to assess the present value of each resource within the
controlled area study zone. The resource evaluation of the controlled area
study zone will include a comparison of the resource occurrences to other
analog areas that share a similar size and geologic setting with the
controllied area study zone. The results of these analyses will provide input
to performance assessment to determine the probability for human intrusion
into the repository during future exploration or exploitation of natural
resources.

8.3.1.6-10
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8.3.1.6.3.2 Rationale

The mineral, hydrocarbon, and geothermal resource potential investigation
was developed to meet the need for understanding the resource potential of the
Hanford Site.

The principal technical concern of this investigation is to provide
quantitative and qualitative evaluations of the natural resource potential.
These evaluations will be used in the performance assessment to estimate
relative probabilities for and consequences of human activity scenarios that
could significantly affect repository performance. Data to solve this
technical issue will come came from a combination of borehole, geophysical,
and geologic surveys and evaluaticns and observations of potential resources
in the vicinity of the site. Some data are in hand, other data will come from
the investigation. These data will permit inferences to be drawn regarding
geologic conditions at depth and the iikeiihood of potential natural resources
that may be explored for or exploited in the future.

This investigation will utilize existing data together with information
from industry exploration activities and from data collected by the Basalt
Waste Isolation Project (BWIP). The BWIP data collection tasks focus on
supplementing the existing data set to enhance the evaluation of resource
potential for the Hanford Site. The following two data collection tasks are
planned:

e Obtaining geologic information on prebasalt sediments gathered from
the basalt margin (to identify the margin stratigraphy and
structures that may extend beneath the basalts). This task includes
sampling of outcrop and obtaining deep well data to determine
reservoir, source rock, seal and thermal maturation properties
relative to hydrocarbon occurrences, and thermal conductivity rock
properties relative to geothermal occurrences.

& Acquiring seismic reflection data and surveys that could assist in
the evaluation of deep subsurface structures. The BWIP will acquire
surveys and consider purchasing any available pertinent lines.

In addition, consideration is also being given to driliing a deep,
muttipurpose exploration borehole inte sub-basalt sediments that could enhance
the evaluation of hydrocarbon and geothermal resource potential of the Hanford
Site. The Hanford Site is restricted Federal land where no deep exploration
drilling has occurred. The principal constraint on the resource potential
investigation is that the subsurface occurrences of any potential mineral
resources within the controlled area study zone cannot be observed directly.
The data cellection is constrained by borehoie locations and availablility of
core samples. The need for a deep, multipurpose borehole to improve the
evaluation of the resource potential at the controlled area study zone is
being considered and a position paper is being prepared by the BWIP. In
addition, data from the deep, multipurpose horehole would be utiltized by
hydrochemistry, rock deformation, mineralogy and petrology, structure, and
geochemistry studies. This deep, multipurpose axploratory borehole would be

8.3.1.6-11
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drilied through the Columbia River Basalt &roup and into the sub-basalt
sediments (approximately 6,100 m (20,000 ft) total depth). Selection of a
synclinal position or offstructure location for the borehole within or near
the controlied area study zone would provide information on the hydrocarbon
potential in the same expected geologic setting as the repository site. The
deep borehole may be similar to a deep stratigraphic test well (the official
regutatory term referring to a continental offshore stratigraphic test (COST)
well}. The COST wells are drilled on unleased Federal lands in basins where
no deep drilling has occurred. These wells are drilled to gather information
about the stratigraphic formations present, the general character of the
rocks, their porosity and permeability, and their organic content.

8.3.1.6,3.3 Description of study

The single study under this investigation (both have the same title) will
provide information on the occurrences of natural resources (excluding water
resources) within the Hanford Site. This study is divided into three
components (see Fig. 8.3.1.6-2). The tasks, tests, and analyses associated
with each of these components are discussed in this section. They are
described in greater detail in the mineral, hydrocarbon, and geothermal
resource potential study plan.

In addition, 011 and gas lease holdings, geologic and geophysical
activity, and drilling activity will be monitored. These activities will be
recorded on maps, thus providing a record of competitive industry activity in
areas adjacent to the Hanford Site. Mining activity that occurs in the
vicinity of the site will also be monitored and recorded on maps.

The objective of this study is to evaluate the potential natural
resources at the Hanford Site. This study is divided into the following three
components:

1., Metallic minerals (base and precious metals); nonmetallic minerals
(clay, diatomaceous earth, perlite, pumice and pumicite, sand,
gravel, and stone); and fuel minerals (coal, peat, and uranium).

2. Hydrocarbon resources (oil and gas).

3. Geothermal resources (low temperature).

Parameters addressed by the study are listed in Table 8.3.1.6-1. The
tasks, tests, and analyses for this study are listed in Table 8.3.1.6-2. Each
component of the study is described in the foliowing sections.

8.3.1.6.3.3.1 Metailic, nonmetallic, and fuel
minerals component.

An evaiuation of these resources has been previously performed by the
BWIP Geosciences Group and George Leaming Associates (GG/GLA, 1981) for the
immediate vicinity around the Hanford Site, adjacent counties, and the
Columbia Plateau (discussed in Section 1.7). At the time of publication of

8.3.1.6-12
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natural resource potential study (sheet 1 of 3)

Tasks, tests, analyses for mineral, hydrocarbon, and geothermal

Infermation for analyses

Tasksiests/analyses Methods Eocationscale Number of tests
Data Results
Mineral component 8.3.1.6.3.3.1
Information compila- Research literature for new publicanons | As appropriate/region - Published reports, studies, Library of published data

ticn tas!

Monitoring task

Mineral resource ogour-
rence t.

Assay test

Resource value prob-
ability analysis

Analog comparison
task

Present-day resource
value analysis

Plot input from information compilation
task

Collect samples from borehole
corefoutcrop: x-ray diffraction, s-ray
fluorescence, and petrographic analysis

Standard laboratory practice for
precious and base metal assays

Probability determination of mineral
resource oceurrences

Input fram infesmation compitation and
mineral resource occurrende tasks;
observational

Input from all tasks; to determine
present-day value of known and
potential mineral rescurces octurrentes

where appropriatel/region

From interbeds of
12 boreholes and
Qutereps Pasco Basin

From interbeds of
12 boreholes and
Qutcrops Pasco Basin

As approprate/Columbia
plateau

Borehole: 50-100
Outcrop: Tobe determined

evaluations, surveys, etc.

Mineral resource locations
and mining activities

Borehole corefoutcrop
samples

Preclous and base metal
assays

Mineral resource
occurfence in Hanford Site

Mineral resource
occurrence in CASZ and
analog areas

Values of mineral
occurrences in Hanford Site
and region

Map with resource
lo¢ations and mining
activities plotted

Mineral resource
occurrence in CASZ

Quazlity-quantity of
preqcus and base metal
minerals

Mineral rescurce
occureence in CASZ

Comparnsan of CASZ with
analog areas

Present-day value of
mu;eral occurrendees in
Z

Hydrocarbon component 8.3.1.6.3.3.2

Information compila-
tion task

Monitoring task

Steatigraphy and
structure task

Hydrocarben evalua-
tion task

GeologicaUﬁeophyslcalt
geochemical tests

wireline log analyses.

Research literature for new publications

Plot inforamation from compilation task

Integrate geofogic and geophysical
data, interpret

Coltect and select samples

Standard laboratory practice for source
and reservoir rock characteristic testing

industry practice for wireline log
analyses

As appropriateftegion

Where appropriate/region

Region

As approptiatefegion

As appropriatefregion

Outcrop: as appropriate
Deep wells: As appropriate

Published reporis, studies,
evaluations, surveys, et

Geologic/geophystcal
surveys, drtling, testing
actvities

Basalt margm geology,
data from deep wells,
geophysical sutveys

Samples from basalt
margin, deep wells

Total organic carbon, rock-
eval, kerogentype, R,
porosity, permeability

wareline logs from deep
wells that are available

Library of pubfished data

Map with ol industry
actvities plotted

Establish sub-basalt
stratigraphy and structure
depicted with stratigraphic
column and cross section of
Pasco Basin

Samples of potential source
and reserveotr rocks

Source and reservoir rock
properties of sedimentary
sequence beneath basalt

tdentification of physical
rock properties and
stratigraphy
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Table 8.3,1.6-2.

9 2

natural resource potential study (sheet 2 of 3)

Tasks, tests, analyses for mineral, hydrocarbon, and geothermal

Information for analyses

Tasks/tests/analyses Methods Locationiscale Number of tests
Data Resuits
Hydrocarbon component 8.3.1.6.3.3.2 (cont.)
Burlal histary and Plot burial and thermal paths of As appropriatelregion - Statigraphic units, ages, Butial history and thermal
thermal history sediments in deep wells temperature gradients histary of sedimentsin
analyses from deep wells deep wells; maturation of

Rattiesnake hills gas
tleld task

Incorporate compiled published well
data and associated reports

dattlesnake Hillsreglon

Stratigraphle units {depths
and thickness), structure,
well locations

source ragcks

History of gas production;
stratigraphy, structures,
reservolr, traps identified;
cross section and map of
gasfield

Gas test Standard laboratory practice for isotopic - One test/sample Chromatographs of gas Isotopic identification of
testing of gas gas
Hydrocarbon resource | Make structure and stratigraphic As appropriatefregion - Geologic and geophysical Identify hydrocarkon
potentlal task struciure contour maps, interpret maps prospects for exploration
Analog comparison Input from hldrocarbon resource As appropflateliegion - Boreholes drilled in Analog area identified to
ask potential tas synclines through sub-. compare with the CASZ
basalt sediments
Present-day resource Input from all tasks to determine - - Value of hydrocarbon Present-day value of
value analysis present-day values resqurees in Hanford Site hydrocarbans bn CASZ
and region
Geothermal component 8.3.1.6.3.3.3
information complla- Research literature for new publications | As appropriatefregion - Published reports, studies, Library of published data
tion task evaluatlons. surveys, etc.
Monitering task Hoitz input from information compilation | Where appropriateiregion . Geothermal resource Map with geothermal
tas

Temperature analysis

Thermal conductivity
measurement test

Heat flow analysls

Geothermal potential
analysis

input from infaormation compilation
task

standard laboratery practice for thermat
conductivity test

tnput from temperature analyses and
theemal conductivity test

Input from heat flow analysis and
structure map

Region

As appropfiatelregion

One testisample

locations

Temperature data from
boreholes, deep wells, areal
temperature surveys

Cuttings from deep wells,
samplés from basalt margin
sediments

Temperature data; thermal
conductivity measurementls

Heat 1low analysis map,
surface structure map

resource lacations

Thermal map of region,
ispthermal map

Thermatl conductivity
measurements for
stratigraphic section of sub-
basalt sediments

Heat flow maps for
Hanlord SHe and CASZ

Identification of heat {low
and surface structure
trends for geothermal
resource potential

PST87-2005-8.3.1.6-2
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Tab]e 8-3.1.6-20

natural resource potential study (sheet 3 of 3)

Tasks, tests, analyses for mineral, hydrocarbon, and geothermal

information for analyses

Taskw/tests/analyses Methods Locationsscale Number of tests
Data Results
Geothermal component 8.3.1.6.3.3.3 {cont.)
Analog comparison input from gedtharmal potential As appropriate/Columbia Heat tlow analysis map, Analog area identified to
task analysis plateau surface structure map compare with CASZ
Present-day resource input from all tasks 1o determine - Value of geothermal Present-day value of

value analyses

present-day values

resaurces in Hanford Site
and region

geothermal resource in

NOTE: CASZ = Controtled area study zone.

PST87-2005-8.3.1.6-2
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this report, exploitation of these resources within 100 km (62 mi) of the
Hanford Site was limited to surface mining operations that produce
diatomaceous earth, sand, gravel, and crushed stone. There is no present
exploitation of clay, perlite, pumice and pumicite, precious and base metals,
coal, peati or uranium within a 100 km (62 mi) radius of the site (see

Fig. 1.7-1).

In order to supplement pubiished mineral resource reports and evaluations
that do not inciude data from within the Hanford Site, this component has been
developed to determine the occurrence, quantity, and quality of mineral
resources within the Hanford Site. The Columbia River Basalt Group has been
evaluated physically and chemically (over 10,000 chemical analyses have been
performed) by the BWIP. Because no unique or unusual resource potential
minerals have been found in the basalts, the mineral component will focus on
the resource potential of the interbedded sediments (members of the Ellensburg
Formation) between the basalt fiows and the suprabasalt sediments. However,
if future coring in the basalt flows encounters mineralized zones, assays will
be performed on those zones to determine the qualiity and quantity of the
mineralization,

The tasks, tests, and anatyses identified with this component are listed
in Tabhle 8.3.1.6-2 and describad below.

Information compilation task--The objective of this task is to update
resource information, as necessary, with newly published reports, evaluations,
or studies on mineral resources in the region. This includes reports on

exploration and production and new deposits as well as any new publications on
the geologic setting and history of the region. Existing deposits have been

identified and previous explioration and production have been described in the
literature published by the Federal, state, and county governments, as well as
in studies by consultants to the BWIP.

Monitoring task--The objective of this task is to monitor ongoing indus-
try activity in the region. Maps will be used to show the location of mining
production and mineral exploration (drilling, geologic, or geophysical
surveys). The information for these activities will be obtained from the
compiied resource information.

Mineral resource occurrence task--The objective of this task is to
identify the occurrences of mineral resources in the interbeds on the Hanford
Site and to establish the quantity and quality of these occurrences.
Initially, 12 boreholes have been selected, and other boreholes may be used,
if necessary. Core samples of the interbed sediments will be taken from
boreholes that have already been drilled on or near the Hanford Site.

Figure 8.3.1.6-3 locates the specific boreholes that will be utilized in
evaluating the resource minerals at the site. These 12 boreholes (DC-2, DC-4,
bc-6, nc-8, bc-12, bC-15, DC-16, DC-18, DH-4, DH-5, RRL-2, RRL-6) have been
selected for sampling by the mineralogic and petrologic characterization study
(Section 8.3.1.2.5.3) and the stratigraphy study (Section 8.3.1.2.3.3.1) to
identify the interbed mineralogy and will be used in the development of the
interbed stratigraphy. Typically, samples will be taken from the top, bottom,
and middte of each interbed encounterad in the borehole. The exact number of

8.3.1.6-16
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samples will vary per interbed (and thus per borehole), depending on the
thickness of the bed. It is estimated that between 100 and 200 samples will
be taken from cores from the 12 boreholes fo be used by these two studies.

The sampling interval per interbed will range from 0.09 to 0.18 m (0.3 to

0.6 ft). Test methods empioyed to identify the mineralogy will be whole rock
x-ray diffraction, x-ray fluorescence, and petrographic analyses of the
collected samples. More detailed information on the test methods can be found
in the stratigraphy study (Section 8.3.1.2.3.3.1), the Mineralogic and
Petrologic Characterization Study Plan (Horton, 1987}, and the Mineral,
Hydrocarbon, and Geothermal Resource Potential Study Plan (Moses, 1987).

The suprabasalt sediments have been mapped on the Hanford Site and their
stratigraphic units have been described by the BWIP (Myers and Price, 1981).
Methods of correlations of the interbeds and the suprabasalt sediments are
described in Sections 8.3.1.2.3.3.1 and 1.2.2.2 and the Stratigraphy Study
Plan {Landon, 1987). The cross sections and geologic map resulting from the
stratigraphic study of the suprabasalt sediments will be used to identify
locations for sampling. The most Tikely sections for sampiing are the coarse-
grained basal and middie units of the Ringold Formation. The Ringold
Formation is derived from ancestral Columbia and Snake River drainage systems
(Fecht et al., 1984) that have drained from mineral-rich provinces located on
the perimeter of the Columbia Plateau. In addition, test methods empioyed by
the stratigraphy study to correlate the interbedded sediments and the
suprabasalt sediments will be useful in identifying anomalous concentrations
of minerals (i.e., anomalous to the baseline minerals that were identified
from previous resource potential mineral evaluations). Quality (e.g., grade
or rank) and quantity of any nonmetallic or fuel minerals that are identified
in the interbeds or in the suprabasalt sediments as the result of the
stratigraphic and mineralogic and petrologic characterization studies will be
determined as appropriate to the type of mineral occurrence.

Assay test--To supplement the work that has been done or work that will
be done by the mineralogic and petrologic characterization study and the
stratigraphy study, assay tests will be made for gold, silver, and uranium on
selected samples from interbeds and suprabasalt sediments from the same
boreholes used by these studies (see Fig. 8.3.1.6-3). These particular
minerals are being considered because they have been reported in the
Titerature as occurring in the vicinity of the Hanford Site. 1In addition,
assays for base metals may be made on selected samples from these boreholes if
warranted. The tests will follow standard contractor procedures for assaying
base and precious metals.

Resource value probability analysis--This analysis, using information
obtained from the mineral resource occurrence task (locations of resource
occurrences, concentrations, etc.), is a model to determine the probability of
the known resources that occur in the Hanford Site for occurrences in the
controlled area study zone. The results from this analysis will be used in
the analog comparison task.

8!3.1l6"‘18
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Analog comparison task~-This task will compare the known occurrences of
minerals from the Hanford Site to analog areas in the region. The selected
analog will share a similar size and geologic setting with the controlled area
study zone. The information will be used to evaluate the potential for
mineral exploration at the site and to further define the known mineral
deposits that might be expected.

Present day resource value analysis--This analysis will use information
from all of the other tasks to determine the present-day value of the known
and potential occurrences of mineral resources on the Hanford Site and in the
controlled area study zone. The results from this analysis will provide input
to performance assessment to determine the probability for human intrusion
into the repository during future exploration or exploitation of natural
resources.

8.3.1.6.3.3.2 Hydrocarbon resource potential component.

A preliminary evaluation of the hydrocarbon resource potential of the
Hanford Site was made in GG/GLA (1981). The evaluation of the hydrocarbon
resources within the sub-basalt sediments made in this report was based only
on data obtained from the Development Associates Basalt Explorer No. 1 well
near Odessa, Washington. Subsequent to the publication of the GG/GLA (1981)
report, the Shell 0i1 Company has drilled four wells within the Columbia
Plateau that penetrated the sub-basalt sediments. The drilling resuits for
three of these wells are discussed in Section 1.7.2.2 and by Campbell (1985)
and Lingley and Walsh (1986). The drilling data from the most recently
completed Shell well (the Saddle Mountain BN No. 1-9) has been released by
Washington State and will be evaluated by the BWIP during site
characterization. The Columbia Basin expioratory wells are identified in
Figure 8.3.1.6-4 and Table 8.3.1.6-3.

A geologic understanding of the Columbia Plateau sub-basalt sediments is
important to the evaluation of the hydrocarbon rescurce potential within the
Hanford Site. Only seven wells in the Columbia Plateau penetrate the
sub-basalt sediments, and only two of these seven bottomed in probable
basement (see Fig. 8.3.1.6-4 and Table 8.3.1.6-3). The data on the sub-basalt
geology are therefore 1imited, and a comprehensive evaluation of the
hydrocarbon resource potential will require an integration of the available
geologic and geophysical data. The integration of geologic and geophysical
data, interpretations, and analyses must be performed in order to provide the
following information important for evaluation of the hydrocarbon resource
potential within the Hanford Site:

e Depositional basin configuration and development with time.

e Depth to the basalt/sub-basalt sediment and sub-basalt
sediment/basement contacts.

e Thickness and lateral extent (approximate volume) of the sub-basalt
sediments.

8.3.1.6-19
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Table 8.3.1.6-3. Columbia Basin exploratory wells

Total depth Comments:
well : Year
Well name Geologic structure h reported
No.? drilied oil/gas shows
Meters Feet
Shell Oil Company
1:” Yakima Minerals Well No, 1-32 Selah Butte anticline 4,939 | 16,199 1980 Gas
1 Yakima Minerals Well No. 2-33 Saelah Butte anticline 1,607 6,600 | 1981 Gas
2k.d | Bissa Ng. 1-29 Whiskey Dick anticline 4,562 | 14,965 | 1982 Gas
3° BN No. 1-9 Saddle Mountains 5.341 17,518 | 1983 Gas
anticline (3.5 mcf/d)e
Standard Oil Company
4 Rattlesnake Unit No, 1 Rattlesnake Hills anticline | 3,248 | 10,655 § 1958 Gas
50 Kirkpatrick No. 1 Condon anticline 2,660 8,726 1956 No shows
Snowbird Resources
6 Maoses Lake No. 1a Unknown 2,128 6,979 1981 No shows
Peoples Gas and Qil Development Co.
7 Donney Boy No. 1 Frenchman Hills anticline | 1,394 4575 | 1934 Gas
b Development Associates inc.
8™¢ | Basalt Explorer No. 1 Unknown 1,427 4,682 1965 No shows
Delta Gas and Oil Company Inc.
9 AltNo. 1 Unknown 402 1,320 1960 No shows
b Norco First Drilling Company
10 Norco No. 1 Unknown 1,494 4,903 1933 Gas, oil
Miocene Petroleum Company
11 Union Gap Ahtanum anticline 1,161 3,810 1929 Gas, oil
Simco Oil Company
12 | SimcoNo.1 Ahtanum anticline 841 2,760 1924 No shows
Paul John Hunt s
13 | Snipes Ne.1 Snipes Ridge anticlineg 429 1,408 | 1944 Gas
City of Mabton
i4 No. 1 Unknown 347 1,140 15822 Gas
Columbia Hydracarbon
15 Moon No. 1 Unknown 501 1,645 1982 Gas
Blue Light Gas and Oil Company
16 Alder Creek No. 1 Unknown 471 1,545 ? Gas
Scott Drilling Company
17 | BensonRanch Benson Ranch syncling 610 2,000 | 1929 Oil
18 |Rattlesnake Hills gas field - discovery well |Rattlesnake Hills anticline | 376 1,234 1913 Gas
Conservative Land and Development {500 mcf/d)
Co., Walla Walla No. 1

s5ee Figure 8.3.1.6-4 for well location maps.
bWall penetrated sub-basalt sediments.
cmefid = 28.32 m3/d.

dBottomed in probable basement.
cBottomed in granite basement,

mcf = Thousand cubic feet.

8-3.1.6"20
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o Timing and geometric development of folding, faulting, and major
structures.

e Principal 1ithologies and their areal and stratigraphic
relationships (especially unconformities).

o Source and reservoir rock properties and characteristics,

e Burial and thermal histories of sub-basalt sediments in the deep
wells.,

e Sampling of natural gas from wells within the Rattlesnake Hills Gas
Field to determine type and possible source generation of gas
produced within the basalt section.

The hydrocarbon resource component of this study was developed in order
to obtain the information 1isted above. A position paper is being prepared by
the BWIP for the drilling of a deep borehole through the sub-basalt sediments
to enhance the hydrocarbon resource potential evaluation (Fig. 8.3.1.6-5 and
Table 8.3.1.6-4). A number of tasks, tests, and analyses of geologic,
geochemical, and geophysical data identified with this component are listed in
Table 8.3.1.6-2 and described below.

Information compilation task--The objective of this task is to update
resource information, as necessary, with newly published reports or studies on
hydrocarbon resources in the region. These include reports on production or
testing from wells and expioration or leasing activity. Previous exploration
and production have been identified in the literature published by the
Federal, state, and county governments, as well as studies by consultants to
the BWIP. In addition, the geologic setting and geologic history have been
described extensively in the published literature.

Monitoring task--The objective of this task is to monitor ongoing
industrial activity surrounding the site and within the Columbia Plateau.
Maps will be used to show the Jocation of the drilling and testing of wells,
geologic or geophysical surveys, and any reported hydrocarbon seeps and shows.
The information for these activities will be obtained from the compiled
resource information task.

Stratigraphy and structure task--The data for sub-basalt geology fis
limited; thus, an integrated geologic and geophysical approach is necessary to
maximize the interpretation of sub-basalt stratigraphy and structure.
Geologic data available for use in characterization of sub-basalt sediments
include available 1ithologic-mud logs and reports on the few deep wells that
penetrate the sediments. Published reports on rocks of equivalent age that
outcrop on the perimeter of the basalts will be used in conjunction with the
available deep well data to develop a stratigraphy for the sub-basalt
sedimentary section. Specific units for source, seal, and reservoir rock
characteristics will be identified within the stratigraphy. Geophysical data
acquired within the Columbia Plateau will be used in interpreting sub-basalt
sediment thickness and structure. The data used for the interpretation will

8.3.1.6-22
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come from deep seismic refraction and reflection surveys; regional and
detailed gravity and magnetic surveys; magnetotelluric surveys; and borehole
geophysical and other geophysical surveys. These geophysical survey data have
been or will be obtained from the published 1iterature, public domain data
from state and Federal agencies, data acquired by the BWIP, and any other
available source of relevant data. Attempts to purchase proprietary data will
be made by the BWIP.

Hydrocarbon evaluation task--Samples for testing source, seal, and
reservoir rock characteristics will be selected from prebasalt sedimentary
rock units from the basalt margin and from samples obtained from the deep
wells that penetrated sub-basalt sediments. The Eocene nonmarine sedimentary
units are exposed in the Wenatchee Mountains along the northwestern margin of
the plateau and in the Blue Mountains of central Oregon along the southern
margin of the plateau. The units in the Wenatchee Mountains include the
Wenatchee, Chumstick, Roslyn, Swauk, and Manastash Formations. The units in
the Republican graben include the O'Brien Creek Formation and Sanpoil
volcanics with intercalated arkosic sandstone beds. In the Blue Mountains the
Herran Formation and the Tlacustrine facies of the Clarno Formation are of
principal jnterest to basin studies. Marine Cretaceous strata in the Methow
graben of northern Washington and central Oregon inlfers will also be sampled.
These units are described in greater detail in Section 1.2. The results from
testing will supplement the present data base and will be used to define the
source, seal, and reservoir rock properties of the sedimentary sequence that
trends beneath the basaits.

Geochemical, geological, and geophysical tests--The results from the
following Tist of tests will define the source and reservoir rock properties
of the sedimentary sequence that trends beneath the basalts:

Source rocks

e Total organic carbon testing will determine the relative richness of
organic content of the sample.

e Rock-Eval (pyrolysis) testing will be performed on all samples with
a greater than 0.5% total organic carbon and will yield information
about the type of organic material present and its Tevel of
maturation. The 0.5% total organic carbon value is the Tower
threshold value for source rocks by convention in the o011 industry.

e Kerogen type testing will indicate the propensity for oil and (or)
gas generation of the source samples.

e Vitrinite reflectance (R,) testing will measure thermal alteration
of organic matter and will be used as an index of degree of maturity
of the organic material. Typically, higher refliectance values are
indicators of greater thermal alteration.

8.3. 106-23
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Reservoir rocks

¢ Porosity testing will measure the ratio of the volume of alil pore
spaces to the total bulk voiume of a rock sample expressed as a per
cent of total volume.

e Permeability testing will measure the capacity of the rock for
transmitting a fluid. The degree of permeability depends upon the
size and shape of the pores, the size and shape and extent of their
interconnections, and the mineralogy of the rock matrix.

¢ Thin sections will be used to determine the characteristics of any
cement present and if the porosity is primary or secondary.

Wireline log analysis-~The wireline logs from the deep wells will be
analyzed to identify the physical rock properties of the Tithologic units
encountered in the basalt, intrabasalt, and sub-basalt sections and to
ascertain any other stratigraphic information about these units. In addition,
wireline logs from the Rattlesnake Hills Unit No. 1 will be analyzed.

Burial history and thermal historvy analyses--The burial history analysis
of the deep wells will be performed whereby burial paths of sediments are
plotted from their deposition to their present depth through geclogic time.

As a sediment is buried deeper, it passes through higher temperatures. By
assuming a linear thermal gradient with depth that does not change through
time, the temperature of the sediments can be identified at any time. In
addition, vitrinite refiectance data can be used to identify possible changes
of temperature through time (i.e., nonilinear). This type of information would
also be used in the analyses. The kerogen in the source rocks tracing this
burial path is eventually cracked to form hydrocarbons as a function of both
time and temperature., The burial path can be used to relate time and
temperature to hydrocarbon generation windows. These hydrocarbon generation
windows have been developed as time-temperature and thermal alteration
indices. Thus, the kerogen (i.e., the source rock) can be identified when it
enters the oil generation window and when it enters the gas generation window.

Rattiesnake Hills gas field task--The objective of this task is to
identify the producing reservoir or reserviors, seals, carrier beds (porous
and permeable beds through which hydrocarbons can migrate long distances from
the place of generation to the place of entrapment), and other possible paths
of migration of the gas in the Rattlesnake Hills gas field. This task will
incorporate the compiled published well data and associated reports on the gas
field to produce a history of gas production for the field. The stratigraphy,
structures, reservoirs, and traps will be identified. A cross section and
maps (which may inciude a structure contour map, productive horizon, etc.) of
the field will be produced.

Gas test--The objective of this test is to identify the source or sources
for the gas in the Rattlesnake Hills gas field. Gas sampies will be collected
from the gas field. Previously published test results from some of the wells
in the field indicate a high percent of methane and a smaller percent of
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nitrogen. Some test results indicate the presence of heavier hydrocarbon
gases. The various test results reported may represent either different
source rocks and different reservoirs or mixing of gases from different
sources in one reservoir. The methods being considered, in order of
increasing data quality, for collecting gas samples for testing inciude
sampling the atmosphere above the wells, reentering one or more wells, and
drilling a borehole (approximately 366 m (1,200 ft)) in the field. Gas
chromatography testing characterizes the solvent-soluble organics in rock
materials by separating volatile mixtures and registering their prasence and
relative concentrations. The geochemical testing of carbon and hydrogen
jsotopes will provide information on the biogenic or thermogenic origin of the
gas. If the gas is methane and is biogenic this would suggest a local source,
such as degassing of coals (especially if there is a large percent of nitrogen
present). If the methane is thermogenic, it may represent dry gas that either
has migrated from depth, possibly from sediments that have been heated beyond
the oil1 generation window, or has migrated from depth but was produced from
source rocks that only produce methane (Type III kerogen). The testing will
yield information on the gas that may be useful in determining the possible
source or sources for the gas. This information may be Tinked with
information from the hydrochemistry study on the groundwater flow system.

Analog comparison task--A comparison of the controlled area study zone to
an analog area for hydrocarbon potential is not possible because no deep wells
have been drilled in a topographically expressed syncline on the Columbia
Plateau. The topographic expression of a syncline assumes that the structural
configuration of the sub-basalt sedimentary rocks can be determined by the
present structure of the overlying basalts. The likelihood for any oil
industry company to drill on a syncline in the search for o0il and gas is
extremely unlikely since that is the least 1ikely type of structure that would
contain oil or gas. The proposed deep, multipurpose borehole drilled in a
synclincal position or offstructure location within or near the controlled
area study zone would greatly enhance a comparison of the controlled area
study zone to an analog for the hydrocarbon resource potential evaluation.

Hydrocarbon resource potential task--This task will involve the mapping
of an area of the Columbia Plateau, including the Hanford Site, to identify
hydrocarbon prospects. Structural and stratigraphic contour maps will be
compiled, augmented by geologic and seismic interpretations of surface and
subsurface data. A comprehensive interpretation will identify prospects that
may be likely candidates for hydrocarbon exploration, This task will provide
a relative comparison of hydrocarbon resource potential within the controlled
area study zone to potential in the surrounding geologic setting.

Present day resource value analysis--For this analysis each identified
prospect will be evaluated for estimated potential reserves and commercial
production rate. The results from this analysis will provide input to
performance assessment to determine the probability for human intrusion into
the repository during future exploration or exploitation of natural resources.

8.3.1.6-25
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8.3.1.6.3.3.3 Geothermal resources component.

Geothermal resources have not been used to any significant extent within
100 km (62 mi) of the Hanford Site, except for one artesian well (33 °C) near
Yakima, Washington. Geothermal resource potential assessments have been made
of the following areas (see also Sections 1.3.2.5.2.4 and 1.7): Washington
State (Blackwell, 1974), Pasco Basin and vicinity (Murphy and Johnpeer, 1981;
GG/GLA, 1981), Moses lLake-Ritzville-Connell, Washington (an area just
northeast of the Hanford Site) (Widness, 1983), Columbia Basin Province (BLM,
1986}, and Washington, Oregon, Idaho, and Montana (Washington State Energy
Office, 1985).

A1l of these evaluations indicate there is low probability that
high-temperature ‘geothermal resources occur at shallow depths {less than
914.4 m (3,000 ft)) within the Columbia Plateau. The BLM (1986) evaluation
suggests there mdy be moderate to low-temperature geothermal resources in the
Columbia Basin Province. The evaluations of Murphy and Johnpeer (1981),
GG/GLA (1981), Widness (1983), and the Washington State Energy Office (1985)
suggest a potential for the occurrence of low-temperature geothermal water at
certain sites in the Columbia Plateau. These studies did not include
temperature data:from the deep wells. Such potential has not been precisely
evaluated for the Hanford Site, and the potential commercial value is
presently unknown:-for the Hanford Site.

The tasks, tests, and analyses identified with this component are Tisted
in Table 8.3.1.6-2 and described below.

Information compilation task--The objective of this task is to update
resource information, as necessary, with newly published reports, evaluations,
or studies on geothermal resources in the region. This includes leasing or
exploration activity and the drilling of boreholes for heatflow, geothermal,
or temperature surveys. Previous surveys and studies have been identified in
the literature pubtished by the Federal, state, and county governments, as
well as studies by consultants toc the BWIP.

Monitoring task--The objective of this task is to monitor ongoing
geothermal exploration and development activity surrounding the site and
within the Columbia Plateau. Maps will be used to show the location of
drilling and testing of wells, geologic or geophysical surveys, or leasing.

Temperature analysis--This analysis will use published reports and
surveys on temperature data and temperature measurements taken in boreholes -
within the Hanford Site. The temperature data measurements will be plotted on
a map by borehole Tocation with the depth at which the measurement was taken.
The method used for taking the temperature measurement will be noted and
evaluated. In addition, temperature logs and bottom hole temperature data
(measurements corrected for time since drilling to get equilibrium
temperature) from the deep wells will be used. This analysis will yield a
thermal map for the Hanford Site and an evaluation of the data base.
Temperature surveys outside of the Hanford Site will be used to supplement the
Hanford Site data base map.
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Thermal conductivity measurement test--This test will use cuttings from
the sub-basalt sedimentary section of the deep wells and samples from the
basalt margin geology stratigraphic units that trend beneath the basaits.

A thermal conductivity test determines the ability of a material to conduct
heat. In addition, a selected set of representative basalt samples will be
tested by the same laboratory to establish a complete suite of thermal

conductivity measurements for the stratigraphic section at the Hanford Site.

Heat flow analysis--This analysis will use the temperature data and the
thermal conductivity measurements to determine heat flow for the Hanford Site.
In additfon, published heat flow measurements will supplement the established
data base to produce a heat fliow map for the Hanford Site that extends into
the Columbia Plateau.

Geothermal potential analysis--This analysis will use the heat fiow
analysis map, the surface structure map (compiled and completed by the BWIP),
and geophysical surveys (e.g., magnetoteliuric, gravity, magnetic, etc.) to
identify any trends of heat flow and structure. This information will be used
in identifying areas for potential geothermal resources.

Analog comparison task--This task will compare the controlled area study
zone to an analog area on the Columbia Plateau for geothermal resouce
potential.

Present day resource value analysis--For this analysis each area that has
been fdentified by the temperature analysis as having potential as a
geothermal resource will be evaluated using the Georank system developed and
published for The Bonneville Power Administration by the Washington State
Energy Office (1985). The results from this analysis will provide input to
performance assessment to determine the probability for human intrusion into
the repository during future exploration or exploitation of geothermal
resources.

8.3.1.6.3.4 Application of results

A11 items of information produced by this investigation will be used in
evaluating the mineral, hydrocarbon, and geothermal resource potential of the
Hanford Site. The results from this investigation will be used as input to
performance assessment evaluations of human interference scenarios.

Several individual tasks within this investigation support other
investigations. Analyses of geophysical data, deep well logs, and basalt
margin geology will support structural model development (Section 8.3.1.2.3).
Sampling and isotopic analysis of gas from the Rattlesnake Hills gas field
will support the hydrochemical characterization investigation
(Section 8.3.1.4.3).

8.3.1.6-27
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8.3.1.6.3.5 Schedule and milestones

Major milestones and expected delivery dates for the investigation are
shown in Table 8.3.1.6-4. The estimated schedule of the study is shown in
F‘igur‘e 8'3-1-6‘5-

8.3.1.6.4 Investigation of water resource potential

Water resources in the Columbia Plateau inciude surface water (primarily
rivers) and groundwater. Future development of water resources could alter
vertical and (or) horizontal hydraulic gradients. Such changes in gradient
potentially could alter groundwater flow patterns in the controiled area study
zone, thereby affecting repository performance.

Impacts of water resource development that may alter hydraulic gradients
fall into two general categories: (1} decreased hydraulic head from
groundwater withdrawal and (2) increased hydraulic head from induced recharge.
Activities resuiting in decreased head include the following:

e Groundwater withdrawal within the Hanford Site.

Increased pumping of existing water supply wells and (or}
construction of new wells within the Hanford Site can shorten flow
paths or decrease travel time by breaching confining layers or by
increasing vertical or horizontal gradients.

e Groundwater irrigation.

Groundwater is used for agricultural irrigation in many areas of the
Columbia Plateau. Water level declines associated with groundwater
irrigation have been observed in some locations (see Section 3.8).

Table 8.3.1.6-4. Major milestones and
expected delivery dates of mineral,
hydrocarbon, and geothermal
resource potential

investigation
Milestone Date

Deep borehole position paper December 1987
Mineral resource potential assessment May 1989
Geothermal resource potential assessment Auygust 1990
Hydrocarbon resource potential assessment January 1992
Analog comparison April 1992
Economic evaluation Aprit 1992

P5T87-2005-8.3.1.6-3
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A Rvil 3 :
MINERAL, HYDROCARBON, AND GEQOTHERMAL v 1
RESOURCE POTENTIAL H i H H B T H

PS8E-20TA-83.1.61

v 1 DEEPBOREHOLE POSITION PAPER,

Av4 2 MINERAL RESOURCE POTENTIAL ASSESSMENT; FINAL DATA BASE COMPLETE;
ASSESSMENT USED IN PERFORMANCE ASSESSMENT.

v 3 GEQTHERMAL RESOURCE POTENTIAL ASSESSMENT FINAL DATA BASE COMPLETE;
ASSESSMENT USED IN PERFORMANCE ASSESSMENT,

v 4 HYDROCARBON RESOURCE POTENTIAL ASSESSMENT: FINAL DATA BASE COMPLETE;
ASSESSMENT USED IN PERFORMANCE ASSESSMENT.

Figure 8.3.1.6-5. Mineral, hydrocarbon, and geothermal resource potential investigation schedule.
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¢ Municipal, domestic, and industrial groundwater supply.

Groundwater withdrawal for municipal and industrial water supply can
decrease water levels and alter hydraulic gradients in a manner
similar to groundwater irrigation. Municipal and domestic sources
of drinking water are included as special sources of groundwater
addressed in Issue 1.3. The water resource potential study will
compare the fixed and variable cosis of developing surface water,
shallow well, and deep well sources of drinking water within the
controlled area study zone.

Water resource activities resulting in increased head include the following:

e Surface water irrigation.

In areas where surface water is abundant, it commonly is used for
irrigation. Irrigation in excess of crop needs can percolate to the
water table. Eventually, water levels may increase both in
unconfined and in confined aquifers (see Section 3.8).

Impoundments associated with dams.

Impoundments behind dams can aiter hydraulic gradients by inducing
recharge to underlying aquifers in a manner simjlar to surface water
irrigation. A dam has been proposed for the Hanford Reach of the
Columbia River (Ben Franklin Dam). Harty (1979, p. 31) predicts an
associated water level rise of approximately 3 m (10 ft) in the
unconfined aquifer in the vicinity of the controlled area study zone
(see Section 3.8).

Liquid waste disposal.

Disposal of Tiquid wastes in ponds and lagoons can induce water
level rises in underlying aguifers. This phenomenon is similar to
the effect of impoundments but on a smaller scale. Injection of
Tiquid waste into aquifers can alter head directly. An additional
impact of 1iquid waste disposal is degradation of groundwater
quality.

Water resource demand in the Pasco Basin is Tlikely to increase in
the future for agricultural, industrial, and municipal purposes
(Leaming, 1981, pp. 20-21). Water resource potential must be
investigated to assess the 1ikely impacts of this increased
development in the future.

8.3.1.6-30
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8.3.1.6.4.1 Purpose and gbjectives

The purpose of this water resource potential investigation is to assess
how future activities involving water resources will aiter regional
groundwater flow and hydrologic boundary conditions of the controlled area
study zone. Objectives of this investigation are the following:

1. Identification of past, present, and potential water resource
activities.

2. Analysis of sensitivity of the groundwater system to changes in
water resource activities.

3. Analysis of sensitivity of the groundwater system to changes in
water resource development scenarios (i.e., multiple water resource
activities).

Additional modeling will be necessary if objective 3 indicates that
future water resource development may alter groundwater flow patterns
significantly in the vicinity of the controlled area study zone. A hydrologic
model at the scale of the controlled area study zone is planned as part of the
site groundwater study (see Section 8.3.1.3 and the Site Groundwater Study
Plan (Hiergesell, 1987)). Performance assessment modeling also may be
required to evaluate the impacts of water resource development on the Tong-
term performance of the repository.

8.3.1.6.4.2 Rationale

The water resource potential investigation addresses the need for
understanding whether or not future development of water resources could
affect repository performance. The investigation will assess the impacts of
water resource development on a regional (Pasco Basin or larger) scale by
means of numerical simulations. The results of this investigation will
provide boundary conditions for additional modeling of a smalier area (i.e.,
the controlled area study zone or the repository).

One of the objectives of this investigation is to identify future water
resource development that could potentially impact groundwater flow patterns
in the controlled area study zone. To meet this objective, information will
be gathered from an evaluation of past and present water resource activities,
future climate data, water gquality records, and present and anticipated water
regulatory requirements. The resultant evaluation will be used to guantify
hydrologic parameters to input to a regional groundwater flow model. This
model will be used to analyze the sensitivity of the groundwater flow system
to individual and muitiple water resource activities.

8.3.1.6-31
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8.3.1.6.4.3 Description of study

This investigation is comprised of a single study that addresses the
potential for development of surface water and groundwater resources in the
Columbia Plateau. Numerical modeling for the Water Resource Potential Study
Plan (Roley, 1987b) will be conducted in conjunction with the regional
groundwater study (see Section 8.3.1.3.4.3.1 and Regional Groundwater Study
Plan (Roley, 1987a)}. The interaction between the two studies is illustrated
in Figure 8.3.1.6-6. The water resource potential study is divided into three
major tasks: (1) identification of water resource activities, (2) sensitivity
analysis for individual activities, and (3) sensitivity analysis for multiple
?itivigies. A detailed description of the study is presented in Roley

987a).

The ability to assess the impacts of future development projects on
groundwater flow is limited by the accuracy of long-term predictions. This
study will address shorter term predictions (i.e., preclosure) in more detail
than long-term predictions. Projections for the very distant future may be
simplified to "worst-case" conditions (i.e., reasonably anticipated scenarios
that would have the most significant impacts on hydraulic gradients).

8.3.1.6.4.3.1 Identification of water resource
activities.

A water resource activity is any anthropogenic activity that
significantly affects groundwater or surface water resources. Examples of

water resource activities in the Columbia Plateau include groundwater
irrigation, surface water irrigation, municipal or industrial wells, and

impoundments, as discussed in Section 8.3.1.6.4. Information on past and
present water resource activities in the Columbia Plateau will be obtained
from other BWIP studies(e.g., regional groundwater and surface water system
studies, Section 8.3.1.3). This information will be used to identify
potential future water resource activities. Water resource programs currently
in the planning stages will be discussed with responsibie managing agencies.
These programs will form the baseline for future water resource activities.
Areas where future development is not currently planned but that show a
potential for future water resource utilization will aiso be assessed.

A number of factors will determine the level and type of water resource
development in the future (Table 8.3.1.6-5). Thase factors must be considered
in identifying significant water resource activities. HWater resource
economics is one key factor in water resource development. For example, the
likelihood of pumping from the Grande Ronde Basalt depends on the cost of high
pumping 1ifts (approximately 750 m (2,500 ft) in the central Pasco Basin)
versus the supply and demand of water. Socioeconomic projections entail a
number of supporting parameters, including population projections, projected
cropland distribution, availability of surface water, and future energy
demand.
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Figure 8.3.1.6-6. Organization of water resource potential study.
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Factors influencing water resource

development

Type of water use

Potential impactson
groundwater

Factors determining level of
development

Groundwater withdrawal
within the Hanford Site

Breach confining layers;
decrease hydraulic head

Water resource economics;
regulatory requirements

Groundwater irrigation

Decrease hydraulic head

Vvater resource economics,
agricultural economics,
regulatory requirements

Municipal/domestic and
industrial groundwater supply

Decrease hydraulic head

Water quality, water resource
economics, demographics,
regulatory requirements

Surface-water irngation

Localw increase leading on
underlying aquifers;
increase hydraulic head

Water resource economics,
agricultural economics,
regulatory requirements

impoundments associated with
dams

Locally in¢rease loading on
underlying aquifers;
increase hydraulic head

Energy economics,
demographics, regulatory
requirements

Liquid waste disposal (ponds
and injection)

Increase hydrauhic head;
change groundwater water
quality

Industrial and municipal waste
production and disposal
practices; demographics,

regulatory requirements

PST37-2005-8.3.1.6-4

Future climate may influence water resource economics and therefore
affect future water _supply. For example, a major increase in precipitation
could elevate the water table, increasing the amount of water available from
the unconfined aquifer. Conversely, a decrease 1in precipitation could
necessitate the development of water resources that are currently undeveloped.
Estimates of future climate conditions will be input to the Water Resource
Potential Study Plan (Roley, 1987b) from the Future Climatic Change Study Plan
(Underberg, 1987) (see Section 8.3.1.5.4.3).

Water quality also plays a role in resource development. For example,
the high fluoride content of water drawn from the Grande Ronde Basalt in the
Pasco Basin makes it unacceptable for municipal or domestic use without
treatment. However, it may be a potential water source for industrial or
agricultural purposes.

Regulatory requirements exert another influence on future water resource
development. New development may be 1imited by water rights laws, water
guality criteria, etc.

8.3.1.6.4.3.2 Sensitivity analysis for individual
activities.

Hydrologic parameters will be quantified for the identified water
resource activities. These parameters will be input to the regional
groundwater flow model (see Section 8.3.1.3.4.3.1 and Roley (1987a)). The
parameters will be varied to assess the sensitivity of the groundwater flow
system to changes in water resource activities. Screening criteria will be
developed to define what constitutes a "significant" change in the groundwater

8.3.1.6-34
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flow system. It is possible that individual activities not producing signifi-
cant changes may produce significant changes when combined with other activities.
The possibility of such impacts will be considered in development of screening
criteria. The results of this task will be input to the following task, sensi-
tivity analysis for muitiple activities.

8.3.1.6.4.3.3 Sensitivity analysis for multiple
activities.

A range of possible water development scenarios will be produced combining
water resource activities that impact the groundwater flow system significantly.
The scenarios will incorporate multiple water resources projects staged over
time to address a wide range of potential conditions. The impacts of these
scenarios on hydraulic head at the boundary of the controlled area study zone
will be evaluated using the regional groundwater flow model. Screening
criteria will be developed to identify those scenarios that may affect reposi-
tory performance adversely (i.e., by increasing hydraulic gradients). These
scenarios will require further study (e.g., site-scale modeling (see
Section 8.3.1.3.4.3.2) or performance assessment modeling (see Section 8.3.5.2)).

8.3.1.6.4.4 Application of results

Results of this study will include a set of critical water resource devel-
opment scenarios for both individual and multiple activities that may occur in
the future. These scenarios will be applied to the regional groundwater flow
model (Section 8.3.1.3.4.3.1), which will predict possible adverse boundary
conditions applied to site-scale modetling (Section 8.3.1.3.4.3.2). Economic
evaluation of the development of drinking water supplies within the controlied
area study zone will be used to address Issue 1.3.

8.3.1.6.4.5 Schedule and milestones

Major milestones and expected delivery dates of the groundwater resource
potential study are summarized in Table 8.3.1.6-6. The estimated schedule of
the study is shown in Figure 8.3.1.6-7.

Table 8.3.1.6-6. Major milestones and
expected delivery dates for water
resource potential investigation

Milestona Date

Identify water resource activities September 1989

Sensitivity analysis for indwidual water resource | November 1990
activities

Sensitivity analysis for muitiple water resource August 1992
activities (scenartos)

PSTH7-2005-8.3.1.6-5
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I A : vk L v gt :
WATER RESOURCE POTENTIAL ] H

Av4 1 IDENTIFICATION OF ALTERNATIVE DEVELOPMENT PROJECTS NEEDED FORISSUES 1.3 AND 1.8,

7 2 EVALUATION OF RESULTS FROM SINGLE PROJECT SCENARIO MOBDELING SENSITIVITY ANALYS1S PERFORMED USING
REGIONAL GROUNDWATER MODEL FOR PASCO BASIN.

v 3 EVALUATIONOF RESULTS FROM MULTIPLE PROJECT SCENARIO MODELING.
Av4 4 ANALYSIS OF BOTH SINGLE AND MULTIPLE PROJECT SCENARIOS ON CONTROLLED AREA STUDY ZONE BOUNDARY

CONDITIONS TO CLOSE 1S5UE 1.8,

Figure 8.3.1.6-7.

Water resource potential investigation schedule.
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8.3.2 REPOSITORY PROGRAM

This section summarizes the host rock environment test program and
provides an overview of the research and development and engineering that are
required to ensure that the repository is capabie of satisfying applicable
performance, safety, and design objectives. The investigations and studies
that form the Basalt Waste Isolation Project (BWIP) program for geomechanical
and coupled interaction testing, repository design optimization, and related
analysis and modeling are described.

The repository program is composed of three types of activities--data
acquisition, design and safety, and analysis. The data acquisition needed to
verify or measure the host rock envircnment is addressed in Section 8.3.2.2,
and coupled interaction tests are addressed in Section 8.3.2.3. The design and
safety activities addressed in this section of the repository program
(Section 8.3.2) are design optimization (8.3.2.4), waste retrieval (8.3.2.6),
radiological health and safety (8.3.2.7), and nonradiological health and
safety of workers (8.3.2.8). Analysis activities are addressed in the
discussion of the specific program for repository modeling (8.3.2.5).

Corresponding discussions of shaft and borehole seals and waste package
are found in Sections 8.3.3 and 8.3.4, respectively.

8.3.2-1
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8.3.2.1 Qverview

The purpose of Section 8.3.2 is to describe the specific programs,
investigations, studies, and activities that define site characterization and
repository design requirements. Details for studies, fests, and analyses will
?gcpgesented in study plans separate from the Site Characterization Plan

P).

In this overview the repository program is introduced by discussing the
1inks to the regulatory requirements and issue resolution strategies. It also
provides background and overview concepts for test development, design, and
analysis. This overview is completed by a brief introduction to the
supporting sections that follow. This overview inciudes the following:

e Requirements governing the repository program (Section 8.3.2.1.1).

e Issues and issue resolution strategies guiding the repository
program (Section 8.3.2.1.2).

e Approach to investigations (Section 8.3.2.1.3).
e Organization of Section 8.3.2 (Section 8.3.2.1.4).

8.3.2.1.1 Requirements governing the repository
program

The U.S. Nuclear Regulatory Commission (NRC) regulations for disposal of
high-level radioactive wastes in geologic repositories are given in 10 CFR 60,
(NRC, 1987a). Regulations for the repository performance and design are given
in the following 10 CFR 60 sections:

Section No. Title
60.111 Performance of the geologic repository
operations area through permanent closure.
60.112 Overall system performance objective for
the geologic repository after permanent
closure.
60.113 Performance of particular barriers after

permanent closure.

60.130 Scope of design criteria for the geologic
repository operations area.

60.131 General design criteria for the geologic
repository operations area.

8.3.2.1-1
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Section No. Title

60.132 Additional design criteria for surface
facilities in the geologic repository
operations area.

60.133 Additional design criteria for the underground
facility.

60,137 General requirements for performance
confirmation.

The Generic Technical Position on Design Information Needs in the Site
Characterization Plan (NRC, 1985) addresses the type and the level of detail
of design information needs to be included in the SCP. This guidance is
followed in Chapter 6 and in this section. The applicable regulatory
requirements for preclosure and postcliosure from this technical position are
itllustrated in Figure 8.3.2.1-1.

The repository design concerns discussed in this NRC technical position
(NRC, 1985) not only highlight aspects of the above 10 CFR 60 (NRC, 1987a)
regulatory requirements but also include concerns on the design process,
alternative design concepts for the SCP, and the identification of
uncertainties in the site parameters.

Design is an iterative and developmental process with specific phased
outputs estabiished for a nuciear waste repository. The following four
repository design outputs have been predetermined by the Mission Plan for
Civilian Radicactive Waste Management Program (DOE, 1985b):

1. Conceptual design for the site characterization plans.
2. Advanced conceptual design.

3. License application design.

4. Final procurement and construction design.

The first of these four major outputs, the SCP conceptual design phase,
ends with the submittal of this SCP. The SCP repository conceptual design
report (KE/PB, 1987a) has been produced and is summarized in Chapter 6.

The second major output is advanced conceptual design. This will develop
alternative design concepts for elements of the repository as a part of
planned engineering tradeoff studies. The alternative design concept that
best handles the 10 CFR 60 performance and design requirements is brought
forward to the license application design where it is detailed.

The license application design output fulfills the 10 CFR 60 require-
ments. Those items necessary to demonstrate compiiance with the design
requirements and performance objectives of 10 CFR 60 and the Ticense
application requirements of 10 CFR 60.21 will be developed.

8.3.2.1-2
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*See 10 CFR for further details.

Figure 8.3.2.1-1.
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If the site is found acceptable and the Ticense application is approved,
the final procurement and construction design will proceed. During this final
design effort, nonlicensing-related ancillary systems will be designed. Final
design refinement for items necessary to demonstrate compliance with the

. design criteria and performance objectives of 10 CFR 60 (NRC, 1987a), develop-

ment of construction bid packages for all systems, and development of final
construction and procurement schedules will result in the production of
contract documents for repository construction.

8.3.2.1.2 Issues and issue resolution strategies
guiding the repository program

As explained in Section 8.1 the issues hierarchy consists of key issues
plus the associated performance and design issues. The key issues embody the
principal requirements established by the regulations governing geologic
disposal. Each of the key issues is followed by issues that expand on the
requirements of the key issue. Key Issue 1 contains postcliosure performance
requirements. Key Issue 2 contains preclosure radiological safety and
retrievability requirements. Key Issue 3 is concerned with environmental,
socioeconomic, and transportation impacts that do not depend directly on site
characterization and, therefore, is not discussed further. Key Issue 4 is
concerned with ease and cost of repository siting, construction, operation,
and closure.

The Office of Geolegic Repositories Issues Hierarchy for a Mined Geologic
Disposal System (DOE, 1987c) is presented in Section 8.2.1.6 of this document.
The issue resolution strategy developed for each of these performance and
design issues is presented in Section 8.2.2. These strategies have identified
performance measures, parameters, and information needs required to resolve
the performance or design issues. The postclosure Issue 1.11 and the
preclosure Issues 2.7 and 4.2 require a wide assortment of information needs
as shown in Table 8.3.2.1-1.

The parameters from these performance and design issues that can be
categorized as geomechanical have been sorted into the following information
needs: in situ stress state, host rock mechanical properties, host rock
thermal properties, and opening performance. In Section 8.3.2.2, these four
information needs become the four studies discussed. These four studies are
further justified by Issues 1.1, 1.4, 1.5, 1.8, 2.3, and 2.4; and Issues 1.10,
1.12, and 2.6 that require the same geomechanical information needs and
related performance parameters.

Measurement of the parameters listed in Tabie 8.3.2.2-1 may be influenced
by coupled phenomena or processes active in the test environment. Coupled
phenomena occur when two or more of the following variables interact with one
another: thermal, hydrological, geochemical, and mechanical effects.

8.3.2.1-4
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Repository design issues and information needs

Postclosure | Preclosure Corresponding
design design Information needs Site Characteri-
issues issues zation section
1.1 27,42 Stratigraphy (intraflow structure) 8.3.1.2.3.31
1.11 2.7,4.2 Cooling joint characteristics 8.3.1.2.3.3.3
1.11 2.7,4.2 Structural geclogy 8.3.1.2.3.34
1.1 2.7,4.2 Physical rock properties 8.3.1.23.35
1.1 27,42 Seismalogy 8.3.1.2.4.3.2
2.7,4.2 Surface water system 8.3.1.3.3.3.1
2.7,42 Surface site characteristics *
27,42 site floading 83.1.3.3.3.2
1.1 27,42 Site groundwater (subsurface 8.3.1.3.43.2
hydrology)
1.11 27,42 Groundwater flow system 8.3.1.4.3.31
hydrochemistry
2.7,4.2 Meteorology {natural 8.3.1.5.5.3
. phenomena)
1.11 27,42 In situ stress state 8.3.2.2.3.1
111 2.7,4.2 Host rock thermal properties 8.3.2.2.3.2
1.1 27,42 Host rock mechanical properties 8.3.2.2.3.3
1.11 27,42 Opening performance 8.3.2.23.4
2.7,4.2 Constructibility 8.3.2.8.35

*The surface site characteristics are discussed in a portion of Sections 8.3.1.2.3.3.1,
8.3.1.3.3.3.1,8.3.1.3.3.3.2, and 8.3.2.8.3.5.

8.3.2-1"‘5
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Coupled processes are not considered to be a discrete subset of the informa-
tion needs identified in the issue resolution strategies but are part of the
basic information required for an understanding of the in situ rock mass
behavior. The linkage between coupled phenomena and site characterization
tests is identified in Section B8.3.2.3.

Section 8.3.2.4, design optimization, is 1inked to the concerns and issue
resolution strategies for Issue 1.11 on repository postclosure design;
Issue 2.4 on retrievability; Issue 2.7 on repository preclosure design;
Issue 4.2 on nonradiological worker safety; Issue 4.4 on adequacy of
technology; and Issue 4.5 on costs. The concern of postclosure performance
assessment from Issue 1.11 is a major aspect of design optimization.

Section 8.3.2.5, repository modeling, is linked to the analytical tools
and modeling discussed in the issue resolution strategies from Issuas 1.11,
2.4, 2.7, 4.2, 4.4, and 4.5.

Section 8.3.2.6, waste retrieval, is linked to the concerns and issue
resolution strategy from Issue 2.4 on retrievability.

Section 8.3.2.7, radiological health and safety, is linked to the
concerns and issue resolution strategies for Issue 2.1 on public safety during
normal operations; Issue 2.2 on worker safety; Issue 2.3 on public safety
during accidents; Issue 2.4 on retrievability; and Issue 2.7 on repository
preciosure design. These safety aspects are the main preclosure performance
concerns.,

Section 8.3.2.8, nonradiological health and safety of workers, is linked
to the concerns and issue resolution strategy from Issue 4.2.

8.3.2.1.3 Approach to investigations

Investigations included in the repository program are data acquisition
and (or) testing investigations, design and safety investigations, and
modeling investigations. The data acquisition investigation (geomechanics) is
based on the performance parameters obtained by the issue resolution process
from the design and performance issues. The design and safety investigations
are derived mainly from the repository design and performance issues. The
modeling investigations are based on the analysis needs of the geomechanics
program and the design program.

The data acquisition, design, and analyses processes are not independent
of each other. The data acquisition or testing program is dependent, in part,
on the sensitivity of the design to the site characteristics data. A detailed
definition of this sensitivity provides a basis for a data specification.
Complete data specifications will address the quality assurance level, range,
accuracy/tolerance, level of confidence, spatial/time dependencies, physical
location, geometry, boundary conditions, test environment, operating
conditions, priority, schedule, and other criteria for the data as
appropriate.

8.3.2.1-6
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From a well-structured data specification standpoint, and considering
other relevant criteria, a plan of action for necessary tests can be developed
in the study plans that includes identification of test concepts, test
development logic, and the associated schedule. The tests are then designed
and detailed test procedures developed. After the tests are conducted, the
results are reviewed, evaluated, and reported for use in the appiicable design
or performance analysis. The study plans to obtain the geomechanics site data
are identified in Section 8.3.2.2.

Because the design process has only been through the first phase of
conceptual design (SCP conceptual design), much work remains to be done to
optimize a repository design. As a tool to assist this process the Design
Methodology document (KE/PB, 1987a) was created. The design methodology
provides a guiding framework or structure that allows flexibility in
developing design strategies to ensure that studies, tests, and experiments
needed for design, licensing, and construction will be performed. The design
process directed by the methodology identifies alternative methods of
approach; guides possible design solutions by the use of tradeoff studies;
provides traceability between information needs, specific design activities,
and associated methods of construction; and serves as a "checklist” of the
things that have to be done to obtain necessary and sufficient data to support
the design. In the advanced conceptual design, the SCP conceptual design will
be assessed by the tradeoff studies that have been identified in the Design
Methodology document (KE/PB, 1987a). The results of these tradeoff studies
are anticipated to significantly impact the present SCP design concepts.
Details of these design development plans are provided in Section 8.3.2.4.

As the repository design progresses and design alternatives are
evaluated, many of the repository modeling and analyses techniques or methods
will be used. Use of these analysis methods will lead to the identification
of any additional tests and studies necessary for evaluation of design
alternatives. The modeling studies provide important information for studies
other than design. For example, results from analyses that evaluate the effect
of stress redistribution, construction and excavation techniques, and
temperature change on the damaged rock surrounding waste package emplacement
holes and repository openings must be considered by the seals and waste
package groups. The necessity for additional testing can then be established
on the basis of uncertainty in the available data and the sensitivity of the
design to specific parameters. [Discussion of the modeling activities
necessary to determine this sensitivity is provided in Section 8.3.2.5.

8.3.2.1.4 Organization of Section 8.3.2
The individual sections of the repository program are presented in the

same sequence as the annotated outline for SCPs (DOE, 1987a) with the
additions indicated.

8.3.2.1-7
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The specific program plans for geomechanical characterization of the host
rock environment are described in Section 8.3.2.2. The single geomechanical
investigation supporting this program has four subordinate studies--in situ
stress determination, mechanical properties determination, thermal properties
determination, and evaluation of opening performance. These four studies wiil
be issued as study plans at the time this document is issued.

The specific program described in Section 8.3.2.3 relates coupled
processes to the testing program identified in Section 8.3.2.2. Because
investigation of coupled processes is an integral part of other site
characterization studies, no specific studies of coupled processes are
described in this subsection.

In Section 8.3.2.4, the BWIP's specific program to optimize the
repository design to the site characteristics data found in the exploratory
shaft facility testing program is described. As the advanced conceptual
design and the required tradeoff studies are completed, the new design will be
analyzed for its sensitivity to these site characteristics or parameters. The
major alternatives that must be evaluated before a final design can be created
are identified in the discussion for this section.

In Section 8.3.2.5 two repository modeling investigations are described:
repository geomechanics analysis and additional repository design models. The
design issue resolution strategies, discussed in Sections 8.2.2.1.11,
8.2.2,2.7, and 8.2.2.4.2, identify many types of analyses requiring the use of
models. The design analyses activities described in this section are required
to support the design process and, by determining the sensitivity of the
models to site data or parameters, assist in determining data specifications.

Development of the repository design will require additional performance
and safety emphasis in some areas of concern. To provide additional detatl
for specific design concerns from the issues hierarchy, sections are provided
for waste retrieval (Section 8.3.2.6), radiological health and safety
(Section 8.3.2.7), and nonradiological health and safety of workers
(Section 8.3.2.8).

The waste retrieval program described in Section 8.3.2.6 consists of a
single investigation supported by two subordinate activities: (1) the
compilation of a retrievability strategy report, and (2) the development and
demonstration of retrieval equipment development and demonstrations. The BWIP
Retrievability Strategy Report will describe how the BWIP intends to conform
to the Department of Energy Position on Retrievability and Retrieval for a
Geologic Repository (DOE, 1985a). Proof-of-principle testing is the primary
emphasis of the retrieval equipment development and demonstration activities.

The design program discussed in Section 8.3.2.7, radiological health and
safety, includes the following three investigations: (1) normal operational
radiological protection, (2) accident conditions for radiological protection,
and (3) radiological monitoring systems. The engineering activities necessary
to ensure that the repository can be designed, constructed, operated, and
decommissioned in a manner that provides for radiological health and safety
are describad in this section.

8-3.2-1"8
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The program for nonradiological health and safety of workers discussed in
Section 8.3.2.8, describes plans to identify the needed occupational health
and safety requirements, ensure they are used in the design process, and
provide verification systems for design, construction, and operations. The
program consists of a single investigation and the following four activities:
(1) compilation of applicable nonradiological health and safety requirements,
(2) application of nonradiological health and safety requirements to design
activities, (3) development of site characterization data needs and '
specifications, and (4) development of the repository construction and
operation safety program document. A constructibility study is also
described. This study will define constructibility information related to
nonradiological safety that will be obtained as the Exploratory Shaft Facility
is constructed and operated.

8.302.1-9
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8.3.2.2 Specific program to verify or measure host
rock environment

An in situ geotechnical testing program will be conducted during site
characterization to obtain a geomechanical description of the repository host
rock environment. This description of the host rock environment will be used
in repository design and performance assessment. Plans for characterization
of the host rock environment as it relates to design and performance of the
repository subsystem are described in this section. This section is limited
in scope to a discussion of the geomechanical characteristics of the host
rock, although, in addition to geomechanical characteristics, the host rock
environment consists of geologic, hydrologic, and geochemical, character-
istics. Of these characteristics, geomechanics has the greatest impact on the
design of the repository subsystem. However, all of these characteristics
must be considered in the development of a site description as it relates to
the repository.

Plans for geological characterization of the Hanford Site are presented
in Section 8.3.1.2. Hydrologic and geochemical characterization plans are
discussed in Sections 8.3.1.3 and 8.3.1.4, respectively. Coupled inter-
actions, involving integration of several or all of these characteristics, are
discussed in Section 8.3.2.3.

8.3.2.2.1 Purpose and objectives

This program is supported by a single investigation having a twofoid
purpose: (1) to measure those engineering parameters that describe the
mechanical, thermal, and thermomechanical behavior of the repository host
rock, which are necessary input for the numerical models used in design and
performance assessment; and (2) to gather information used to validate the
models with tests that simulate repository conditions.

The investigation will characterize the rock for three conditions:
(1) preexcavation, (2) postsubsurface excavation/pre-waste-emplacement, and
(3) post-waste-emplacement. Preexcavation condition is defined as the
condition of the rock in its natural, undisturbed environment before the
construction of any shafts or underground openings. Postsubsurface
excavation/pre-waste-emplacement is defined as the condition of the rock after
the creation of mined openings (both shafts and drifts) and before heating
from waste emplacement. Post-waste-emplacement is defined as the condition of
the rock after being subjected to elevated temperatures from waste-
emplacement.

Under this investigation, the preexcavation host rock environment will be
characterized by determining the natural state of stress, mechanical
properties, and thermal properties of the host rock. To characterize the
postexcavation/pre-waste-emplacement environment, excavation induced stresses
will be determined and opening performance will be evaluated by monitoring
prototypic openings and support systems and by measuring the properties of the

8.3.2.2-1
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rock immediately surrounding these openings. To characterize the post-waste-
emplacement environment, thermally induced stresses will be determined, and
the thermomechanical response of the rock mass will be evaluated under
conditions representative of those expected in a repository.

The site characterization testing program is based on determination of
parameters needed for resoiution of performance and design issues from the
issues hijerarchy as described in Section 8.2. To achieve the objectives of
the investigation described in this section, parameters concerning the geo-
mechanical performance characteristics of the host rock have been jdentified
from several of the issues resolution strategies. Geomechanical performance
parameters have been compiled in Table 8.3.2.2-1, which indicates the
performance and design issues used to develop the parameter list. More
detailed parameter 1lists are included in Section 8.3.2.2.2.

The information discussed above will be gathered under the following four
studies:

1. In situ stress determination,

2. Thermal properties determination.

3. Mechanical properties determination.
4. Evaluation of opening performance.

Each study comprises a series of tests and analyses that will provide the
required data. Identification of the tests and analyses to be included in the
study is accomplished by a thorough review of the methods available for use,
an evaluation of constraints, the ability to meet stated accuracy and quality
reqguirements, and assessments of cost and schedule requirements. The tests
currently identified to be included in the four studies 1isted above are
described in Section 8.3.2.2.3. Once tests have been identified for inclusion
in the study, a process of design and development is conducted to ensure that
the tests will provide traceabie, accurate data consistent with the

Table 8.3.2.2-1. Geomechanics performance parameters
from issue resolution strategy

Geomechanic Performance issues Design issues
performance
parameters 11 1.4 |15 18| 24 [1.10[ 111|112 26 | 2.7 | 4.2

Total stress profile X X X X X X X X X
Rock mass deforma- X X X X X X X X X X
tion*
Temperature X X X ‘X X X X X X
distribution
Supfport system X X X X X X X
performance
Damaged rock zone x X X X X X X X X

*Includes creep. P5T87.2005-8.3,2-12

8.3.2.2"2
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requirements imposed on the study. A simplified flow diagram of this process
js shown in Figure 8.3.2.2-1. The process is essentially a two-phased design
approach to test development. Following completion of the design, demonsira-
tion testing is performed to qualify the test for use in site characterization.

8.3.2.2.2 Rationaie

Section 8.2 of the SCP uses the issue resolution strategy to establish
what data are needed to design and license a repository in basalt. The goal
of the issue resolution strategy, for the related key issues, is to develop a
1ist of measurable parameters derived from regulatory requirements to assess
the performance characteristics of the repository. The purpose of this section
(8.3.2.2) is to describe the technical background and the constraints imposed
by the regulatory requirements for the investigation of geomechanical charac-
teristics of the host rock. The investigation has been formed to support the
development of constitutive models (refer to Section 8.3.2.5.2) that describe
the behavior of the repository host rock under changing conditions. Changes
of the repository horizon environment from its natural state occur due to
excavation of underground openings and empliacement of high-level radioactive
waste. The need for an investigatory program to describe the rock mass con-
stitutive relationship is based on design and performance assessment data and
information needs. Specifically, it will be necessary to obtain engineering
parameters that describe the mechanical, thermal, and thermomechanical behavior
of the repository host rock as input parameters for the numerical models.

Tables 8.3.2.2-1 and 8.3.2.2-2 Tlist the geomechanic parameters necessary
for the resolution of certain performance and design issues. Performance
parameters are shown in Table 8.3.2.2-1 with the issues from which they were
derived. Table 8.3.2.2-2 is organized in a heirarchy of issue, system element,
performance measure, parformance goal, analytical tool, geomechanic parameter,
and parameter goals. This method of presentation shows how the parameter is
used (via the analytical tool) to determine measures of performance required
to resolve the issue. When performance and parameter goals have not been
established as indicated by a "TBD," determination of these goals is part of
the issues resolution process. Performance parameters are subdivided into
supporting parameters shown in Table 8.3.2.2-3. Table 8.3.2.2-3 includes the
geomechanical analyses that require supporting parameters as input and includes
the study from which these parameters will be derived. The exact, detailed
parameters will be described in the study plans.

In addition, information is needed to validate the models and will be
derived from tests that simulate repository conditions. Included in the inves-
tigation are studies to determine the in situ stress state and thermal and
mechanical properties of the host rock, and to evaluate opening performance.
These studies are described in detail in the four separate study plans refer-
enced previously in this section.

8.3.2.2-3
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Geomechanics parameters (sheet 1 of 5)

Tentative - Geomechanics Tentative
Issue System element Performance measure performance goal Analytical tool parameter parameter goal
1.1 Engineered barriers { Radionuclide release rate Cisyr for 15C {total Numerical modeling of Thermal conductivity, > 107 Jim-yrK
subsystem from engineered barriers repository) groundwater flow, heat, heat capacity =>700 Jikg'K
system (Cisyr) and radionuclide transport
(PMC-STAT, MAGNUM-2D,
CHAINT-MC, REPREL,
PORFLO)

Repositary seals Cumulative release to the s CifCizjowatte = 001 Numerical modeling of Thermal conductivity, >107 Jim-yrK

subsystem accessible environment groundwater flow, heat, heat capacity >700 Ikg-K
through seals {CifCi 5owante) and radionuchde transport

(PORFLO, PORFLO-3D,
MAGNUM-2D, MAGNUM-
3D, FECTRA, REPREL)

Site subsystem Cumulative release to the CifCignowatte = 0.99 Numerical modeling of Thermal conductivity, >107 Jimeyr-K
accessible environment groundwater flow, heat, heat capacity >700 JkgK
through seals {CHCi powabie) and radionuclide transport

{MAGNUM-3D, FECTRA,
PORMC)
1.4 and | Environment Temperature profile SINDA, TSAP, HEATINGS Temperature NA
1.5 condition through waste package distribution
Mechanical load on waste NA
package
18 Rock aiteration Shear strength of joints for | <30% reduction of joint TBD Total stress profile, rack TBD
different degrees of rock shear strength due 10 mass deformation,
alteration along joints amount of alteration temperature distribu-
expacted in 10,000 yr tion

Rock or ground- Change in hydrauhc 78D TBD Total stress profile, rock T8D

water conditions conductwvity; creation of mass deformation,

reguiring complex preferential pathways for - temperature distribu-

engineering fluid flow tion, damaged rock

measures zone extent
Container failure 8D TBD Total stress profile, rock TBD

mass deformation,
temperature distribu-
tion, damaged rock
zone extent
Large-scale failure of 18D Evaluation of opening Total stress profile, rock TBD

underground opening

performance

mass deformation,
temperature distribu-
tion, support system
performance, damaged
rock zone extent

PSTR7-2005-8.3.2-14
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Geomechanics parameters (sheet 2 of 5)

Issue System element Performance measure perfzﬁ:?:'c:egoal Analytical tool G%‘;’r“a?ggigr'“ pa;errr:g?:g:goal
1.8 | Geomechanical Ground deformatian or TBD Constitutive model of rock Total stress profile, rock TBD
{cont} | propertiesthatdo inherent weakness of host mass mass deformation,
not permit design of | rock temperature distribu-
stable underground tion, damaged rock
openings zone extent
Maintenance of accessible TBD Opening stability models, Total stress profile, rock TBD
openings until permanent evaluation of opening mass deformation,
ctlosure petformance temperature distribu-
tion, support system
performance, damaged
rock zane extent
Projected rock ioad on T8D Rock mass constitutive Totai stress profile, rock T8D
container greater than model for long-term mass deformation,
anticipated behavior, evaluation of temperature distribu-
opening performance tion, support system
performance, damaged
rock zone extent
Rock bursts due to total TeD Evaluation of opening Total stress profile, rock TBD
stress/strain relationship performance mass deformation,
cause loss of isolation temperature distribu-
tion, support system
performance, damaged
rock zone extent
1.11 NA Vertical extent of Caving <3 times Numerical analysis of long- Totalstress profile, rock | Caving <3 times
postclosure caved area opening height term effects of excavation, | mass deformation, opening height
thermal loading, room temperature distribu-
geometry, and structural tion, damaged rock
ackfill on opening zone extent
performance (ADINA,
ADINAT, ABAQUS, ANSYS)
1.12 | Postelosure ground | Hydraulic conductivity of TBD Analysis of thermal loading | Total stress profile, rack 8D

support to rock
surrounding the
borehole

the damaged rock zone;
transmssivity of the sealing
backfillidamaged rock zone
interface and sealing
concrete/damaged rock
zone interface

due to nuclear waste
emplacement; analysis of
mechanical interaction of
sealing backfill with sur-
rounding rock; evaluation
of opening performance

mass deformation,
temperature distribu-
tion, support system
performance, damaged
rack zone extent

PSTB7-2005-8.3.2-14
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Geomechanics parameters (sheet 3 of 5)

Tentative ; Geomechanics Tentative
Issue System element performance measure performance goal Analytical too! parameter parameter goal
1.12 | Restrict ground- Hydrautic conductivity and TED Groundwater flow and Temperature distribu- TBD
(cont.) | water flow transmissivity of sealing dispersion analysis tion, support system
material/damaged rock performance, damaged
zone interface rock zone extent
2.4 | Maintain accessto Access drift performance TBD Ground support selection Total stress profile, rock {See Table
and from emplaced {Q-method, RMR method, mass deformation, 8.2.2.2.4-2)
waste site-specific method), temperature distribu-
opening stability analysis, tion, damaged rock
dynamic effectson stability | zone extent
Shaft performance TBD Ground suppoart selection Total stress profile, rock {See Table
{Q-method, RMR method, mass deformation, 8.22.24-2)
site-specific method), temperature distribu-
opening stability analysis, tion, support system
dynamic effects on stability | performance, damaged
rock zone extent
Retrieval of waste Container performance TBD Numerical models of Total stress profile, rock {See Table
container from containeriwaste package mass deformation, 8.2.2.2.4-2)
emplacement integrity temperature distribu-
borehole tion, damaged rock
zone extent
Borehole performance TBD Opening stability analysis Total stress profile, rock TBD
mass deformation,
temperature distribu-
tion, support system
performance, damaged
rock zone extent
2.7 Retrieval Maintain exposure limits 18D Numerical model of Total stress profile, rock TBD
borehole integrity mass deformation,
temperature distribu-
tion, damaged rock
zone extent
TED Numerical model of waste Total stress profile, rock TBD

package integrity

mass deformation,
temperature distribu-
tion, support system
performance, damaged
rock zone extent

-

P5Ta7-2005-8.3.2-14
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Geomechanics parameters (sheet 4 of 5)

Tentative . Geomechanics Tentative
Issue System element Performance measure performance goal Analytical tool parameter parameter goal
2.7 | Access construction | Stability of underground Stable openings through { Mechanical and thermal All Seelssue 2.4
{cont.) openings retrieval period analyses . (Table8.2.2.2.4-2}
Drift construction Stability of underground Stable openings through | Mechanical and thermal All See Issue 2.4
openings retrieval period analyses {Table 8.2.2.2.4-2)
Borehole Stability of underground Stable openingsthrough | Mechanical and thermal All Seelssue2.4
construction openings retrieval period analyses (Table 8.2.2.2.4-2)
Groundwater Stability of underground Stable o enings through | Mechanical and thermal All See lssue 2.4
control openings retrievail period analyses (Table 8.2.2.2.4-2)
Operational Stability of underground Stable openings through | Mechanical and thermal All Seelssue 2.4
maintenance openings retrieval period analyses (Table 8.2.2.2.4-2)
Stability of underground TBD Opening stability analysis, Total stress profile, rock TBD
openings dynamic/seismic analysis mass deformation,
{FLUCH, ANSYS, STARDYNE), | temperature distribu-
round support selection tion, support system
Q-method, RMR method, performance, damaged
site-specific method) rock zone extent
Evaluation of opening Total stress profile, rock
performance, observation mass deformation,
and experimental analysis, temperature distribu-
performance of selected tion, support system
profiles and methods performance, damaged
rock zone extent
42 | Na Adegquate quantity and Seelssues24dand 2.7 Airflow distribution: VNET; | Temperature distribu- | See Issugs 2.4 and

quality of air sufficiently
refrigerated to comply with
MSHA {1987) and ACGIH
(1987} standards to
maintain satisfactory
working environment

Lining from surface to top
of basalt retains sufficient
integrity to prevent inflows
of water and {or)
noncohesive overburden
material

Seelssues2.4and 2.7

constructibility analysis:
HVAC; air cooling analysis:
CLIMSIM

Structural design analysis/
constructibility analysis/
dynamic effects on stability

tion, damaged rock

zane extent

Total stress profile, rock

mass deformation,

temperature distribu-
tion, support system
performance, damaged

rock zone extent

2.7

See Issues 2.4 and

PST87-2005-8.3.2-14
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Geomechanics parameters (sheet 5 of 5)

Issue

System element

Performance measure

Tentative
performance goal

Analytical taol

Geomechanics
parameter

Tentative
parameter goatl

4.2
{cont.)

NA

Prevention of collapse and
control of rack falls

Limiting unacceptable
overstress concentrations

timitation of induced stress
to acceptable level

Seelssues24and2.7

Openln? stability analysis,
thermalithermomechanical
analysis, ground support
selection {Q-method, RMR
method, site-specific
classification); evaluation of
opening performance

Total stress profile, rock
mass deformation,
temperature
distribution, support
system performance,
damaged rock zone
extent

SeeIssues 2.4 and
2.7

ACGIH

MS

PAC
RMR
TBD

HA
Not applicable.

Rock mass rating.

=
>
ST |

Potentially adverse condition.

To be determined.

American Conference of Government Industrial Hygienists.
Mine Safety and Health Administration.

PST787-2005-8.3.2-14
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Geomechanics supporting parameters (sheet 1 of 3)

Test basis
Performance Geomechanics -
parameter analyses required | SUPPOrting parameter Current Current Needed Study
estimate confidence | confidence
Rock mass Thermomechanical Natural in situ stress o1 = 62 MPa Low Medium 8.3.2.2.3.1
deformation - | stress analyses tensor (N.0OG E.)
validated by in situ 02 = 33MPa Low Medium 8.3.2.2.31
tests (N.84W.)
o3 = 24 MPa Low Medium 8.3.2.2.31
: {vertical)
Excavation induced TBD Low Medium | 8.3.2.2.3.1
strass
Thermally induced TBD Low Medium 8.3.2.2.31
stress
Deformability
- Intact rock E=73GPa Low Medium 8.3.2.233
v =025
- Rock mass £ = 73GPa Low Medium 8.3.2.2.3.3
v =025
- Creep E = 73 GPa Low Medium 8.3.2233
v =025
Strength
- intact rock 305 MPa Low Medium 8.3.2.23.3
(uniaxial)
- Rock mass TBD Low Medium 83.2233

PST8E-2014-8.3.2-2
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Geomechanics supporting parameters (sheet 2 of 3)

; G hani Test basis
Performance eomechanics ;
parameter analyses required | ~UPPOrting parameter Current Current Needed Study
estimate confidence | confidence
Rock mass Thermomechanical Joint properties:
deformation stress analyses
(cont'd) validated by in situ - Normal stiffness Kp = A(1+Br,)?
tests
A = 40.2 MPa Low Medium 8.3.2.23.3
t .
i B =.2764 Low Medium
- Shear stiffness 550 GPa/m Low Medium 832233
- Strength ¢ =374 Low Medium 832233
¢=1.6MPa
Thermal properties
- Conductivity 1.51 Wim°C Low Medium 8.3.2.23.2
- Heat capacity 0.929 kl/kg °C Low Medium 8.3.2232
- Expansion coefficient 6 x 10-6/°C Low Medium 832232
- Initial temperature 55°C Medium Medium *
- Thermal gradient 4°C/100m Medium Medium ¥
Direct observation Opening deformation -- -- - 8.3.2.2.3.4
Rock failure - - - 8.3.2234
characteristics
Total stress Field measurements | Natural in situ stress o7 = 62 MPa Low Medium 8.3.2.2.31
profile tensor {N.OBE)
02 = 33 MPa
{N.84w.)
o3 = 24 MPa
{vertical)

PST88-2014-8.2.2-2
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Geomechanics supporting parameters (sheet 3 of 3)

bonding quality to
rock

Test basis
Performance Geomechanics .
parameter analyses required | SuPPOrting parameter Current Current Needed Study
estimate confidence | confidence

Total stress Excavation-induced TBD Low Medium 8.3.2.2.3.1

profile (cont'd) stress
Thermally induced TBD Low Medium 8.3.2.2.3.1
stress

Temperature Thermal analyses Thermal properties

profile
- Conductivity 1.51 W/m°C Low Medium 83.223.2
- Heat capacity 0.929 kJ/kg °C Low Medium 83.2232
- Rock mass NA High Medium *

temperature
Damaged rock | Thermomechanical Parameters listed
zone extent stress analyses vali- above under rock mass
dated by in situ tests | deformation
Direct observation Rdial extent of Zm Low Medium 8.3.2.2.3.4

damaged rock zone
Construction TBD Low Medium 8.3.2.2.34
parameters

SupPoﬂ system Ground support type TBD Low Medium 83.2.234

performance and characteristics
Load on support TBD Low Medium 83.2.234
components
Shotcrete/grout TBD Low Medium 83.2.234

*Current understanding of the ambient host rock temperature is considered adequate
{Section 1.3.2.5.1.1).

TBD = To be determined.

To convert MPa to Ibf/in2, multiply by 1.450 x 102.

To convert GPa to Ibf/in2, multiply by 1.450 x 105.

P5$788-2014-8.3.2-2
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8.3.2.2.2.1 Technical background

Technical background for the investigation of geomechanical
characteristics of the host rock revolves around the following three
conditions:

1. Preexcavation.
2. Postsubsurface excavation/pre-waste-empiacement.
3. Post-waste-empiacement.

Evaluation of the preexcavation host rock environment provides baseline
information. Stress redistribution and deformation of the rock mass around
the openings resulting from subsurface excavation (the postsubsurface
excavation/pre-waste-emplacement condition) could have an effect on other
parameters, all of which must be examined. Emplacement of heat-generating
waste will lead to changes in the host rock environment and could alter the
mechanical and physical properties of the rock, which in turn may influence
the performance of seals and rock/waste package interaction. The separation
of the host rock environment into three distinct categories is somewhat
artificial in that the transition of the rock mass from one to another is a
continuum relationship dependent on the undisturbed conditions of the rock
mass, rock mass properties, repository construction and operation activities,
and time. Thus, constitutive relationships should be deveioped to encompass
as many aspects of the host rock environment as practical.

8.3.2.2.2.1.1 Preexcavation.

The basis of the evaluation of the preexcavation host rock environment is
the need for a quantitative description of the natural conditions and
properties of the rock mass in which the repository will be constructed. The
evaluation will be accomplished by an extensive program of testing and
analysis, conducted both in the Taboratory and in the Exploratory Shaft
Facility. (The subsurface layout is described in Section 8.4.2.2.1.1.) The
properties and conditions determined through this investigation will serve as
the baseline for fundamental calculations of rock behavior and as input
parameters in numerical models that predict the rock behavior on a more
comprehensive scale. This portion of the investigation is divided logically
jnto three studies to determine the in situ stress state, thermal properties,
and mechanical properties of the host rock.

Parameters describing the natural host rock environment can be broadly
divided into two groupings. The first grouping of parameters describes the
existing conditions within the rock mass, such as geologic structure,
hydrologic regime, ambient temperature distribution, and in situ stress state.
Plans for characterization of the geologic structure of the host rock and the
hydrologic regime are discussed in Sections 8.3.1.2 and 8.3.1.3, respectively;
and the current understanding of the ambient temperature in the host rock, as
discussed in Section 1.3.2.5.1.1, is considered to be adequate. This leaves
the determination of the in situ stress state as the pertinent study to be
performed under this grouping.

8.3.2.2"'13
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Information to be obtained regarding the preexcavation host rock
environment in the in situ stress study will be the magnitude and direction of
the natural in situ stress state acting within the host rock, both within the
reference repository location and on & regional scale. Stress is a tensor
quantity, defined by the magnitude and direction of three orthogonal principal
stresses, or by the magnitudes of normal and shear stress components acting in
a given coordinate system. The natural stress state represents the baseline
value on which induced stresses resulting from excavation and waste
empiacement are superposed. Natural stresses in the host rock result from
gravitational loading, geologic structure, contrasts in rock mass
deformational characteristics, and tectonic activity. The natural stress can
vary with location, depth, material type, and local geologic structure.
Information gained through this study will be evaluated with regard to these
variables.

The second grouping of parameters describing the natural host rock
environment indicates how the rock mass responds to stimuli (e.g., changes in
stress state and temperature) that would be imposed on it by construction and
operation of a repository. Because of the number of parameters included in
this grouping, a division was made between mechanical and thermal properties
to arrive at the studies to be performed.

The study of the thermal properties of the host rock will provide
information on both the thermal and thermomechanical properties of the host
rock in its natural environment. The thermal properties of the host rock can
be considered as a composite of the properties of the matrix rock comprising
the rock mass and the properties of discontinuities (primarily fractures and
fracture-infilling materiais). Thus, the thermal properties study must
include measurements made in the laboratory on intact rock specimens,
laboratory measurements on fracture-infilling materials and specimens with
oriented fractures, and in situ measurements at rock mass scale.
Determination of the properties for the rock mass will be based on a
combination of the results of these measurements. The specific properties to
be determined in this study are thermal conductivity, heat capacity, and the
coefficient of thermal expansion.

Information to be provided by the mechanical properties study will
include the mechanical and physical properties of both the parent host rock
material and major discontinuities (jJoints). These properties will be
determined through an integrated program of laboratory testing and tests in
the Exploratory Shaft Facility to determine properties of the host rock at the
rock mass scale. The mechanical properties provided by laboratory testing on
intact rock will include deformability, tensile strength, and compressive
strength over a range of confining stresses. At present, deformability is the
primary parameter to be investigated at the rock mass scale, although every
reasonable effort will be made to measure rock mass strength in situ. These
measurements will be supplemented as necessary with values from empirical
correlations, If it is not possible to conduct in situ strength tests, rock
mass values will be estimated empirically. Mechanical properties of joints to
be evaluated are the peak and residual shear strength, normal stiffness, shear
stiffness, and friction angle. The dependence of mechanical properties on
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temperature, Tocation, and intraflow structure will be determined within the
mechanical properties study. Creep properties of the host rock will aiso be
studied.

A major consideration in the quantification of material properties for
the host rock is that of scale. Since rock is not a homogeneous material, its
properties will vary with the volume of rock under observation. The rock mass
can be considered a composite material consisting of the matrix rock and
jmhomogeneities {e.g., vescicles, vugs) transected by geologic discontinuities
such as fractures. The main effect of discontinuities within the rock mass
will be a change in the strength, deformability, hydrologic properties, and
thermal properties of the rock from those determined through laboratory tests
on small intact specimens. As the volume of observation is increased, more
and more discontinuities are included until a scale is reached wherein the
rock mass can be represented by an equivalent homogeneous material.

Assessment of the validity of a continuum approach and the quantitative
description of an equivalent material is a major objective of investigating
the host rock environment (see Section 8.3.2.5.2.3). The major concern in
rock properties determination is whether the results of a given test
accurately represent the rock mass or whether the results can be extrapolated
to rock mass scale with confidence. To address this concern during site
characterization, laboratory tests will be conducted to simulate, within
practical limitations, a range of expected underground conditions with respect
to temperature, stress, and, in some instances, pore pressure. Laboratory
testing will be integrated with field testing in the Exploratory Shaft
Facility, empirical and analytical methods, full-scale observations, and case
histories to arrive at properties for the rock mass. These activities will be
integrated with the development and validation of material models

(Section 8.3.2.5) to ensure that adequate data will be obtained.

8.3.2.2.2.1.2 Postsubsurface excavation/pre-waste-
emp tacement.

Creation of manmade openings in the repository host rock will alter the
host rock environment in a volume of rock immediately surrounding the openings
and extending some distance away from the opening, Outside this volume of
rock, the mechanical disturbance due to the excavation is negligible. The two
primary effects of excavation on the host rock environment are stress
redistribution and deformation of the rock mass arocund the opening. These
induced effects can adversely impact the hydrologic regime through
deformation~induced hydrologic pathways and the opening performance through
mechanical response to the induced stresses.

The evaluation of the postsubsurface excavation/pre-waste-emplacement
conditions includes studies and obsarvations on the effects of construction of
repository openings on the characteristics of the host rock mass (including
rock mass engineering properties and excavation induced damage), the
performance and constructability of prototypic openings, and the induced
stresses and displacements around these openings. Effects of excavation will
be addressed in a study to evaluate opening performance {refer to
Section 8.3.2.2.3.4). Additionally, the three studies to determine the
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natural conditions of the host rock (in situ stress determination, mechanical
properties determination, and thermal properties determination) will be
extended to include excavation effects.

Information to be obtained in the in situ stress study will be in the
form of post-excavation stress profiles (both magnitudes and directions)
around representative openings in the Exploratory Shaft Facility. The stress
profiles will be based on in situ stress measurements made at progressive
distances away from the opening. This information will be obtained in
conjunction with the natural in situ stress in the host rock, because induced
stresses are necessarily dependent on the magnitude and orientation of the
background stresses on which they are superposed. Because most rock cannot be
considered homogeneous, in situ stress magnitudes and orientations will vary
with location, depth, and overall rock quality. Stresses may arise as a
direct result of the excavation process, or as subsequent mechanical
degradation of the rock mass in response to changes in the stress state.

These variables affect both natural and induced stresses. Additional
variables that affect induced stresses are geometry of openings, extent of
rock damage from excavation, interaction with rock support systems, and time.
There atso may be variations in determined stresses due to the stress
determination method used. The induced stress information resulting from this
study will incorporate an evaluation of all these variables.

Changes in the mechanical, physical, and thermal properties of the rock
can be induced by excavation damage and dilatancy of the rock mass.
Subsequent fajlure of this mechanically weakened rock may promote further
properties changes. Opening stability is dependent on structurally controlled
phenomena such as block rotation, siippage, and fallout on preexisting
fractures, as well as possible crumbling, spalling, and slabbing in locally
overstressed zones. The intent of this study is to characterize the changes to
the host rock environment resulfing from excavation as they relate to opening
performance and changes in the mechanical, physical, and thermal properties of
the host rock. Information to be obtained in the opening performance study
relating to the post-subsurface-excavation/pre-waste-emplacement environment
will include data on the deformation response of prototypic repository
openings during and after construction, performance data on prototypic rock
support systems, data on the mechanical characteristics of damaged rock
surrounding the excavation, and data on the deformational and strength
characteristics of the rock mass. Analyses of these data will be based on
assessments of variables and deformational mechanisms that may influence and
control opening response. Some of these variables are geoiogic conditions,
joint characteristics, column structure, geometry of the openings, time,
stress, and support system interaction.

In the design of a repository, the behavior of the rock mass in response
to excavation will be examined by empirical and analytic methods as part of
model validation. Results of the modeling effort will be used to design the
underground iayout, optimize the size and shape of the openings, determine
roof support requirements, and predict stress concentrations and displacement.
For the particular purposes of designing a radioactive waste repository, the
numerical model must support prediction of long-term behavior and must be
developed to exhibit adequate confidence for these predictions. Such models
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inherently employ several assumptions as a result of the complexity of the
system being modeled and the uncertainty of the parameters used in the
analysis. The adeguacy of the model is validated by comparing the model's
prediction to the results of a full-scale simulation of the system. The
opening performance study will provide data for validation of the models from
conditions representative of those expected in the repository.

If significant discrepancies exist between the model results and the
results of the field test, the cause of the discrepancies must be determined
and corrected before the model can be used with confidence, Disagreement
between measurements and predictions can often be attributed to the parameters
used in the model, the assumptions inherent in the model, or the selection of
the phenomena to be addressed in the model. Errors in the conceptual models
used for analysis (i.e., geometry, boundary conditions, initial conditions)
may also introduce a significant source of error if data from the geology and
geophysics programs (Section 8.3.1.2) are not carefully treated. The problems
of uncertainty in conceptual models are discussed further in Section 8,3.2.5.
Inability to correctly model the rock mass behavior may also occur because of
uncertainty in rock conditions (e.g., moisture content, anisotropy, and
inhomogeneity of the rock mass). Instrument, measurement, and algorithm
errors may occur. Refinement of the model will increase confidence in its
predictive capabilities; however, because of the relatively short-term in situ
testing, long-term validation may be possible only qualitatively.

8.3.2.2.2.1.3 Post-waste-emplacement.

The investigation of host rock characteristics will include -
characterization of the response of the repository host rock to temperatures
representative of those expected in the repository. Response of the rock will
be characterized by evaluating thermally induced stresses and opening
performance. Introduction of heat into the host rock from emplacement of
heat-generating waste will lead to changes in the host rock environment.
Elevated temperature will mobilize thermal expansion of the rock mass, which
will result in increased stresses. The effect of thermally induced stress
will be increased deformation and loading around repository openings.

The thermally induced stress state will be determined in conjunction with
the natural and excavation-induced stress states. The total stress state in
the host rock at a given Tocation will be a function of the natural stresses,
excavation induced stresses, and thermally induced stresses. Information to
be gathered relating to the post-waste-emplacement host rock environment will
be in the form of stress changes as a function of temperature and total stress
profiles around a room opening at selected temperatures. These data will be
evaluated with regard to the amount of damage to the rock surrounding
underground openings, thermal expansion of the rock mass as it relates to
opening stability, and to the possible creation of thermally induced
hydrologic pathways.

The study of opening performance will be extended to inciude the post-
waste-emplacement host rock environment by conducting a room-scale heater
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test. The information coilected in this study will include deformation
response of the rock at expected repository temperatures, stability of a
representative emplacement borehole and drift, and evaluation of thermally
induced fracturing in the host rock. This information will be evaluated with
regard to scale, geologic conditions, time, and fracture characteristics.

Model validation studies discussed in Section 8.3.2.5 must include the
post-waste-emplacement environment since modeling simulations will necessarily
incorporate the thermal effects from waste emplacement. This requires that
large-scate, prototypic simulation tests be performed in the Exploratory Shaft
Facility. Because of time and scale constraints, it is not possible to
recreate the exact thermal conditions expected in a reposifory. However,
large-scale thermal tests that are amenable to numerical modeling can be
performed for this validation effort. Such tests can approach expected
repository conditions within an acceptable degree by proper design of the test
boundary conditions and operating parameters.

Characterization of the post-waste-empiacement host rock environment is
required. Site characterization activities and modeling studies will evaluate
the effects, stresses, and displacements induced by construction and heating
may have on the repository seals and the waste package design. One of the
major concerns is the influence these effects will have on the extent of the
disturbed zone annulus around openings, and associated changes in the
hydrologic and geochemical properties. Assessment of these influences will
require a coordinated effort between geomechanics, hydrology, geclogy, and
geochemistry personnel.

Stability of the opening is to be provided for repository worker
protection and for maintenance of retrievability prior to permanent closure of
the repository. Stress and deformations resulting from thermal loadings must
be considered in the design of the repository for these purposes.

Retrievability could be impacted by block or creep movements of the rock
mass immediately surrounding an emplacement borehole. Block movements could
result from increased stress around the emptacement borehole acting on
fractures of low angular orientation relative to the stress direction. Basalt
creep is not expected to be significant, but long-term movements at joints
should be examined. Joint filling and characteristics could enhance or
diminish the 1ikelihood of such block and creep movements.

Containment could be impacted if resultant deformation creates increased
hydraulic communication with adjacent aquifers. The potential for increased
hy“raulic communication could come from thermally induced fraciures or changes
in the openings of existing fractures or joints. Further, the design and
installation of permanent repository seals must be done with consideration of

long-term thermal behavior,
8.3.2.2.2.2 C(Constraints

Several constraints exist in the evaluation of the geomechanical
properties of the host rock environment. Some of the more pertinent general
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constraints are discussed in the following paragraphs. More detailed
descriptions of the constraints specific to each study are presented in the
study plans for each study comprising the investigation.

8.3.2.2.2.2.1 Sample availability.

Prior to construction of the Exploratory Shaftf Facility, virtually all
laboratory test specimens will be obtained from the inventory of core
materials archived in the BWIP Core Library. The two factors that tend to
constrain the availability of samples from the inventory for testing purposes
are (1) many dense interior zones in the cores exhibit a high degree of disk
fracture development that reduces the proportion of fracture-free intervals in
core that are suitable for intact strength testing, and (2) extensive sampiing
from the remaining fracture-free intervals already has been performed in the
past.

8.3.2.2.2.2.2 Sample orientation.

Characterization of anisotropic behavior and of the vertically oriented
fracture frequency is impeded because of the vertical orientation of all
existing core from the reference repository location.

8.3.2.2.2.2.3 Samplie condition.

A small amount of damage to test specimens is unavoidable. This damage
results from drilling and sampling procedures, handling and storage, and
preparation of specimens for testing. Such damage is not expected to be
significant, but it is a constraint to be considered in the evaiuation of
laboratory test results. A second general constraint is that the BWIP core
inventory exists in an "air dry" condition. As a result, there is no current
source of samples for testing of fracture characteristics under in situ
moisture conditions.

8.3.2.2.2.2.4 Access.

Determination of the host rock properties at rock mass scale will not be
possible until after the Exploratory Shaft Facility is constructed and
available for testing. Prior to this, the only access to the host rock will
be through surface drilled boreholes. Additionaily, in terms of stress
determination, access to the undisturbed host rock in the repository horizon
after construction of the facility is only possible through long, horizontal
boreholes drilled from the periphery of the facility.

8.3.2.2.2.2.5 Available technology.

Tests, both in situ and in the laboratory, are constrained by the current
state of the art in rock mechanics. This includes instrumentation limits,
accuracy and precision, methods of data analysis, and the current state of
development of in situ testing methods (Perko, 1986; St. John et al., 1982).
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8.3.2.2.2.2.6 In situ testing Timitations.

Several constraints apply for tests that are to be conducted within the
Exploratory Shaft Facility:

1. Most in situ tests are large, complex, and costly, requiring iong
time periods to construct and conduct.

2. In most cases, only a 1imited number of test repetitions are
feasible to perform; therefore, no statistical treatment of the test
results is possible and the uncertainty cannot be directly
quantified.

3. There is a 1imited amount of control over test variables in a
typical in situ test. In addition, it is difficult to fully
characterize the volume of rock tested in a large-scale experiment,
e.g., the number, location, and conditions of fractures.

4. There is limited control gver test locations because of the size of
the facility and potential for interference with other site
characterization activities.

5. Environmental conditions are more severe in the Exploratory Shaft
Facility than at the surface and may require special
instrumentation.

6. Testing must be performed within a limited schedule.

8.3.2.2.2.2.7 Schedule constraints.

The schedule for Exploratory Shaft Facility testing is 1imited by access

to underground test facilities (time to start of construction and construction
time) and the required date for submittal of a license application and
accompanying design. This will 1imit the time available to implement in situ
tests, collect and analyze data, validate constitutive models, apply validated
models in the design of the facility, conduct performance assessments of the
facility, and report results.

8.3.2.2.2.2.8 Interference with other site

characterization activities.

Two potential sources of interference with other site characterization

activities have been identified--interference with hydrology testing and
interference with ongoing mining and operations. No interference, in terms of
the zone of test infiuence, will be allowed between rock mechanics and
hydrologic tests. Typically, hydrologic tests will encompass a large volume
of rock and will be susceptible to small changes in the host rock environment,
such as the presence of other test boreholes in the hydrologic test volume.
Some interference with construction activities and ongoing operations of the
Exploratory Shaft Facility can be expected during the normal course of the
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site characterization: however, construction activities are short in duration
compared to the testing time. The impact of this interference will be
minimized by careful logistical planning.

8.3.2.2.3 Description of studies

The investigation of geomechanical characteristics of the host rock
consists of four studies dealing with in situ stress, mechanical properties,
thermal properties, and opening performance. Each study is comprised of tests
and analyses that are described briefly in Sections 8.3.2.2.3.1
through 8.3.2.2.3.4.

Test development described by the study plans will include evaluation of
specific laboratory and in situ testing reguirements as well as current
testing capabilities. Available technology will be used to the extent
possible. However, it is recognized that in many circumstances, present
testing capabilities may be inadequate for anticipated conditions in the
Exploratory Shaft Facility. Where necessary, the development program for a
specific test or group of tests will evaluate the feasibility of achieving
sufficient test capabilities to obtain meaningful results. If the outcome of
the feasibility study indicates that such capability is not 1ikely to be
attained, alternative test methods will be considered.

8.3.2.2.3.1 1In situ stress determination study

The in situ stress determination study consists of tests and analyses to
obtain quantitative estimates of both natural and induced in situ stress
magnitudes and orientations. The objective of the study is to provide in situ
stress data required for site characterization, repository design, and
performance assessment. The study of in situ stress determination will
provide a more compliete description of the tests and analyses.

The primary tests and supporting tests and analyses being considered for
inclusion in the in situ stress determination study are shown in
Table 8.3.2.2-4. The table also inciudes reference to the pertinent
performance issues and design issues requiring the parameters to be determined
through the study. Supporting tests and analyses shown in the table will not
be used to determine stress directly, but are proposed elements of the study
that enhance the determination of stress through the primary test methods
shown. Each method for in situ stress determination has its own unique
characteristics, advantages, and Timitations for use under a given set of
conditions. Planning for the in situ stress study program involves selecting
the most appropriate test method for each situation and evaluating the
results. When tests are unsuccessful or unanticipated conditions are
encountered, a different test method can be used. Contingencies will be
addressed in an ongoing effort to evaluate the success of the in situ .stress
testing program, including performing developmental tests at the Near-Surface
Test Facility. Test methods for in situ stress determination at the BWIP were
selected on the basis of compatibility with anticipated data requirements,
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In situ stress tests, studies, and supporting analyses

Performance

22-2'2°'¢’8

Investigation Study issues Parameter Primary tests Supporting tests and analyses
Geomechanical charac- | In situ stress 14 1.11 | Natural stress state Overccr::n? ) Differential strain analyses
teristics of the host rock } fg 12. 72 Hydraulic fracturing Disking study

24 42 Borehote spalling study

Excavation-induced
stress tate

Thermally induced
stress state

Overcoring
Small flat jacks

Overcoring
Small flat jacks

Residual stress study

Correlation with tectonics and
structural geology

Geophysics tests:
& Sanic tog
# Borehole televiewer log

Dilatometer
Rock support interaction
Deformational properties
Mine-by tests
Damaged rock characterization
Rock support interaction
Repository seals tests
Geophysics tests:

#Sonic fog

® Borehole televiewer log

Full-scale heater test:

® Borehole pressure cells

®Stressmeters
Thrmal expansion test
Deformational properties
Damaged rock characterization
Time-dependent behavior (creep)
Geophysics tests:

e Soniclog

® Borehole televiewer log
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geologic conditions, rock quality, operational requirements, and expected test
conditions. Additional data will be obtained from supporting tests and
analyses.

Discussion of the in situ stress study in this section will concentrate
on the independent variables that will affect the determination of in situ
stresses. In situ stress magnitudes and orientations vary with Tocation,
depth, material type, and overall rock quality. There may also he variations
related to the stress determination method used. These variables affect both
natural and induced stresses. Additional variables that affect induced
stresses are geometry of openings, extent of damaged rock around openings,
rock support interaction, time, and the effects of elevated temperature. The
study is organized to evaluate the effects of these variables.

The in situ stress state will vary laterally within the repository host
rock because of geologic structure, variations in rock type and {or) rock
quality, and major discontinuities within the rock mass such as faults or
joints. Rock quality refers to the nature and degree of fracturing and joint-
ing present in the rock mass. The presence of such discontinuities within the
rock mass can have a significant effect on the local stress distribution.

Rock quality factors that may affect in situ stress determination include
fracture or joint spacing, orientation, aperture, roughness, filling, and the
presence of fluid within the joints. Lateral variability of stress will be
evaluated by conducting tests from surface boreholes around the Hanford Site
and the reference repository location and by tests in several locations
performed in boreholes at the Exploratory Shaft Facility. Stresses will be
determined at each location with respect to a complete geologic and rock
quality description of the rock mass.

Horizontal variability of in situ stress over the controlled area study
zone will be addressed by an integrated evaluation of hydraulic fracturing
test data that also takes into account other qualitative indications of
in situ stress (i.e., core disking, borehole spalling, and geologic
structure).

Hydraulic fracturing tests are the only practical means of stress
determination in deep boreholes under conditions present at the Hanford Site.
They are time consuming and expensive and may interfere with other important
tests. In addition, it is desirable to limit the number of boreholes
penatrating the repository horizon. An integrated approach that considers all
stress-related phenomena should help to improve the level of confidence in the
numerical values obtained from hydraulic fracturing. The total number of
holes in which hydraulic fracturing tests are conducted will ultimately depend
on the outcome of the data evaluation process and the level of confidence
required.

Differential strain analysis is a laboratory test that may provide semi-
quantitative stress data from core samples. A preliminary investigation and
evaluation program is planned to determine the feasibility of differential
strain analysis as a stress measurement technique at the Hanford Site. If
this technique should prove relfable as a stress determination method, then it
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will be possible to obtain significantly more in situ stress data at rela-
tively 1ittle additional cost and minimal interference with other testing.
This will be of great benefit in evaluating horizontal variability of in situ
stress.

To estimate spatial variability of in situ stress within the Cohassett
flow, results from hydraulic fracturing tests and core disking and borehole
spalling data will be examined. Existing hydrofracturing data have been
collected from three holes within the reference repository location. Addi-
tional tests are planned in approximately four to six holes located within the
controlled area study zone. The exact number is dependent on availability due
to hydrologic testing.

Sensitivity studies are anticipated to show a strong relationship between
in situ stress and repository design. Factors such as opening configuration,
opening dimensions, layout of the openings, and waste emplacement density are
expected to be sensitive to both magnitude and orientation of in situ stress.
In view of the Jarge area required for repository construction (approximately
8.3 km? (3.2 mi )), spatial variability of the in situ stress field must be
evaluated to determine the range of stress values for which the repository
must be designed. On a regional scale, evaluation of spatial variability in
the in situ stress field is an important component in correlation of stress
determination data with geologic structure, stratigraphy, and the regional
tectonic setting.

In situ stress magnitudes will be determined as a function of depth.
Vertical stress increases with depth as a consequence of the increasing weight
of overburden. Horizontal stresses will tend to increase with depth since,
under conditions of lateral confinement, they are related to vertical stress
by Poisson's effect. Other factors, such as tectonic stresses, thermal
history, geologic structure, and variations in modulus also result in
variations i